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PREFACE 


The  present  work  treats  the  problem  of  the  Origin  of  Species  on  the  same 
general  lines  as  were  adopted  by  Darwin;  bat  from  the  standpoint  reached 
after  nearly  thirty  years  of  discussion,  with  an  abundance  of  new  facts  and  the 
advocacy  of  many  new  or  old  theories. 

While  not  attempting  to  deal,  even  in  outline,  with  the  vast  subject  of 
evolution  in  general,  an  endeavor  has  been  made  to  give  such  an  account  of  the 
theory  of  Natural  Selection  as  may  enable  any  intelligent  reader  to  obtain  a 
clear  conception  of  Darwin's  work,  and  to  understand  something  of  the  power 
and  range  of  his  great  principle. 

Darwin  wrote  for  a  generation  which  had  not  accepted  evolution,  and  which 
poured  contempt  on  those  who  upheld  the  derivation  of  species  from  species 
by  any  natural  law  of  descent.  He  did  his  work  so  well  that  "descent  with 
modification"  is  now  universally  accepted  as  the  order  of  Nature  in  the  organic 
world;  and  the  rising  generation  of  naturalists  can  hardly  realize  the  novelty 
of  this  idea,  or  that  their  fathers  considered  it  a  scientific  heresy  to  be  condemned 
rather  than  seriously  discussed. 

The  objections  now  made  to  Darwin's  theory  apply  solely  to  the  particular 
means  by  which  the  change  of  species  has  been  brought  about,  not  to  the  fact 
of  that  change.  The  objectors  seek  to  minimize  the  agency  of  natural  selection 
and  to  subordinate  it  to  laws  of  variation,  of  use  and  disuse,  of  intelligence, 
and  of  heredity.  These  views  and  objections  are  urged  with  much  force  and 
more  confidence,  and  for  the  most  part  by  the  modern  school  of  laboratory 
naturalists,  to  whom  the  peculiarities  and  distinctions  of  species,  as  such,  their 
distribution  and  their  affinities,  have  little  interest  as  compared  with  the  prob- 
lems of  histology  and  embryology,  of  physiology  and  morphology.  Their  work 
in  these  departments  is  of  the  greatest  interest  and  of  the  highest  importance, 
but  it  is  not  the  kind  of  work  which,  by  itself,  enables  one  to  form  a  sound 
judgment  on  the  questions  involved  in  the  action  of  the  law  of  natural  selection. 
These  rest  mainly  on  the  external  and  vital  relations  of  species  to  species  in  a 
Btate  of  Nature, —  on  what  has  been  well  termed  by  Semper  the  "physiology  of 
organisms,"  rather  than  on  the  anatomy  or  physiology  of  organs. 

It  has  always  been  considered  a  weakness  in  Darwin's  work  that  he  based 
his  theory,  primarily,  on  the  evidence  of  variation  in  domesticated  animals  and 
cultivated  plants.  I  have  endeavored  to  secure  a  firm  foundation  for  the  theory 
in  the  variation  of  organisms  in  a  state  of  Nature;  and  as  the  exact  amount  and 
precise  character  of  these  variations  is  of  paramount  importance  in  the  numerous 
problems  that  arise  when  we  apply  the  theory  to  explain  the  facts  of  Nature, 
I  have  endeavored,  by  means  of  a  series  of  diagrams,  to  exhibit  to  the  eye  the 
actual  variations  as  they  are  found  to  exist  in  a  sufficient  number  of  species. 
By  doing  this,  not  only  does  the  reader  obtain  a  better  and  more  precise  idea 
of  variation  than  can  be  given  by  any  number  of  tabular  statements  or  cases 
of  extreme  individual  variation,  but  we  obtain  a  basis  of  fact  by  which  to  test 
the  statements  and  objections  usually  put  forth  on  the  subject  of  specific  vari- 
ability; and  it  will  be  found  that,  throughout  the  work,  I  have  frequently  to 
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appeal  to  these  diagrams  and  the  facts  they  illustrate,  just  as  Darwin  was 
accustomed  to  appeal  to  the  facts  of  variation  among  dogs  and  pigeons. 

I  have  also  made  what  appears  to  me  an  important  change  in  the  arrange- 
ment of  the  subject.  Instead  of  treating  first  the  comparatively  difficult  and 
unfamiliar  details  of  variation,  I  commence  with  "The  Struggle  for  Existence," 
which  is  really  the  fundamental  phenomenon  on  which  "Natural  Selection" 
depends,  >vhile  the  particular  facts  which  illustrate  it  are  comparatively  familiar 
and  very  interesting.  It  has  the  further  advantage  that,  after  discussing  varia- 
tion and  the  effects  of  artificial  selection,  we  proceed  at  once  to  explain  how 
natural  selection  acts. 

Among  the  subjects  of  novelty  or  interest  discussed  in  this  volume,  and 
which  have  important  bearings  on  the  theory  of  natural  selection,  are:  (1)  A  proof 
that  all  specific  characters  are  (or  once  have  been)  either  useful  in  themselves 
or  correlated  with  useful  characters  (Chap.  VI.).  (2)  A  proof  that  natural  selec- 
tion can,  in  certain  cases,  increase  the  sterility  of  crosses  (Chap.  VII.).  (3)  A 
fuller  discussion  of  the  color  relations  of  animals,  with  additional  facts  and 
arguments  on  the  origin  of  sexual  differences  of  color  (Chaps.  VHL,  IX.,  X.). 
(4)  An  attempted  solution  of  the  difficulty  presented  by  the  occurrence  of  both 
very  simple  and  very  complex  modes  of  securing  the  cross-fertilization  of  plants 
(Chap.  XI.).  (5)  Some  fresh  facts  and  arguments  on  the  wind-carriage  of  seeds, 
and  its  bearing  on  the  wide  dispersal  of  many  arctic  and  alpine  plants  (Chap.  XH.). 
(6)  Some  new  illustrations  of  the  non-heredity  of  acquired  characters,  and  a  proof 
that  the  effects  of  use  and  disuse,  even  if  inherited,  must  be  overpowered  by 
natural  selection  (Chap.  XIV.).  (7)  A  new  argument  as  to  the  nature  and  origin 
of  the  moral  and  intellectual  faculties  of  man  (Chap.  XV.). 

Although  I  maintain,  and  even  enforce,  my  differences  from  some  of  Darwin's 
views,  my  whole  work  tends  forcibly  to  illustrate  the  overwhelming  importance 
of  Natural  Selection  over  all  other  agencies  in  the  production  of  new  species. 
I  thus  take  up  Darwin's  earlier  position,  from  which  he  somewhat  receded  in 
the  later  editions  of  his  works,  on  account  of  criticisms  and  objections  which 
I  have  endeavored  to  show  are  unsound.  Even  in  rejecting  that  phase  of  sexual 
selection  depending  on  female  choice,  I  insist  on  the  greater  efficacy  of  natural 
selection.  This  is  pre-eminently  the  Darwinian  doctrine,  and  I  therefore  claim 
for  my  book  the  position  of  being  the  advocate  of  pure  Darwinism. 

I  wish  to  express  my  obligation  to  Mr.  Francis  Darwin  for  lending  me  some 
of  his  father's  unused  notes,  and  to  many  other  friends  for  facts  or  information, 
which  have,  I  believe,  been  acknowledged  either  in  the  text  or  footnotes.  Mr. 
James  Sime  has  kindly  read  over  the  proofs  and  given  me  many  useful  sugges- 
tions; and  I  have  to  thank  Professor  Meldola,  Mr.  Hemsley,  and  Mr.  E.  B.  Poulton 
for  valuable  notes  or  corrections  in  the  later  chapters,  in  which  their  special 
subjects  are  touched  upon. 
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CHAPTER  I 

WHAT  ABE  "SPECIES,"  AND  WHAT  IS  MEANT  BY  THEIR  "ORIGIN." 

Definition  of  "species." — Special  creation. —  The  early  Transmutationists. — 
Scientific  opinion  before  Darwin. —  The  problem  before  Darwin. —  The 
change  of  opinion  effected  by  Darwin. — The  Darwinian  theory. — Proposed 
mode  of  treatment  of  the  subject. 

The  title  of  Mr.  Darwin's  great  work  is — On  the  Origin  of  Species 
by  means  of  Natural  Selection,  and  the  Preservation  of  Favored 
Races  in  the  Struggle  for  lAfe.  In  order  to  appreciate  fully  the  aim 
and  object  of  this  work,  and  the  change  which  it  has  effected  not  only 
in  natural  history  but  in  many  other  sciences,  it  is  necessary  to  form 
a  clear  conception  of  the  meaning  of  the  term  "  species,"  to  know  what 
was  the  general  belief  regarding  them  at  the  time  when  Mr.  Darwin's 
book  first  appeared,  and  to  understand  what  he  meant,  and  what  was 
generally  meant,  by  discovering  then:  "origin."  It  is  for  want  of  this 
preliminary  knowledge  that  the  majority  of  educated  persons  who  are 
not  naturalists  are  so  ready  to  accept  the  innumerable  objections,  crit- 
icisms, and  difficulties  of  its  opponents  as  proofs  that  the  Darwinian 
theory  is  unsound,  while  it  also  renders  them  unable  to  appreciate,  or 
even  to  comprehend,  the  vast  change  which  that  theory  has  effected 
in  the  whole  mass  of  thought  and  opinion  on  the  great  question  of 
evolution. 

The  term  "species"  was  thus  defined  by  the  celebrated  botanist 
De  Candolle :  "  A  species  is  a  collection  of  all  the  individuals  which 
resemble  each  other  more  than  they  resemble  anything  else,  which  can 
by  mutual  fecundation  produce  fertile  individuals,  and  which  repro- 
duce themselves  by  generation,  in  such  a  manner  that  we  may  from 
analogy  suppose  them  all  to  have  sprung  from  one  single  individual." 
And  the  zoologist  Swainson  gives  a  somewhat  similar  definition:  "A 
species,  in  the  usual  acceptation  of  the  term,  is  an  pnimal  which,  in  a 
state  of  Nature,  is  distinguished  by  certain  peculiarities  of  form,  size, 
color,  or  other  circumstances,  from  another  animal.  It  propagates, 
'after  its  kind,'  individuals  perfectly  resembling  the  parent;  its  pecu- 
liarities, therefore,  are  permanent."  * 

To  illustrate  these  definitions  we  will  take  two  common  English 
birds — the  rook  (Gorvus  frugilegus)  and  the  crow  (Oorvus  corone). 
These  are  distinct  species,  because,  in  the  first  place,  they  always  differ 
from  each  other  in  certain  slight  peculiarities  of  structure,  form,  and 
habits ;  and,  in  the  second  place,  because  rooks  always  produce  rooks, 
and  crows  produce  crows,  and  they  do  not  interbreed.  It  was  there- 
fore concluded  that  all  the  rooks  in  the  world  had  descended  from  a 

*  Geography  anfl  Classification  of  Animals,  p.  350. 
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single  pair  of  rooks,  and  the  crows  in  like  manner  from  a  single  pair 
of  crows,  while  it  was  considered  impossible  that  crows  could  have 
descended  from  rooks  or  vice  versd.  The  "origin"  of  the  first  pair  of 
each  kind  was  a  mystery.  Similar  remarks  may  be  applied  to  our 
two  common  plants — the  sweet  violet  (Viola  odorata)  and  the  dog 
violet  ( Viola  canina).  These  also  produce  their  like,  and  never  pro- 
duce each  other  or  intermingle;  and  they  were  therefore  each  sup- 
posed to  have  sprung  from  a  single  individual  whose  "origin"  was 
unknown.  But  besides  the  crow  and  the  rook  there  are  about  thirty 
other  kinds  of  birds  in  various  parts  of  the  world,  all  so  much  like  our 
species  that  they  receive  the  common  name  of  crows;  and  some  of 
them  differ  less  from  each  other  than  does  our  crow  from  our  rook. 
These  are  all  species  of  the  genus  Corvus,  and  were  therefore  believed 
to  have  been  always  as  distinct  as  they  are  now,  neither  more  nor  less, 
and  to  have  each  descended  from  one  pair  of  ancestral  crows  of  the 
same  identical  species,  which  themselves  had  an  unknown  "origin." 
Of  violets  there  are  more  than  a  hundred  different  kinds  in  various 
parts  of  the  world,  all  differing  very  slightly  from  each  other  and 
forming  distinct  species  of  the  genus  Viola.  But,  as  these  also  each 
produce  their  like  and  do  not  intermingle,  it  was  believed  that  every 
one  of  them  had  always  been  as  distinct  from  all  the  others  as  it 
is  now;  that  all  the  individuals  of  each  kind  had  descended  from 
one  ancestor,  but  that  the  "origin"  of  these  hundred  slightly  differ- 
ing ancestors  was  unknown.  In  the  words  of  Sir  John  Herschell, 
quoted  by  Mr.  Darwin,  the  origin  of  such  species  was  "the  mystery 
of  mysteries." 

The  Early  Transmutationists. 

A  few  great  naturalists,  struck  by  the  very  slight  difference  between 
many  of  these  species,  and  the  numerous  links  that  exist  between  the 
most  different  forms  of  animals  and  .plants,  and  also  observing  that  a 
great  many  species  do  vary  considerably  in  their  forms,  colors,  and 
habits,  conceived  the  idea  that  they  might  be  all  produced  one  from 
the  other.  The  most  eminent  of  these  writers  was  a  great  French 
naturalist,  Lamarck,  who  published  an  elaborate  work,  the  Fhilosophie 
Zoologique,  in  which  he  endeavored  to  prove  that  all  animals  whatever 
are  descended  from  other  species  of  animals.  He  attributed .  the 
change  of  species  chiefly  to  the  effect  of  changes  in  the  conditions  of 
life,  such  as  climate,  food,  etc. ;  and  especially  to  the  desires  and  efforts 
of  the  animals  themselves  to  improve  their  condition,  leading  to  a 
modification  of  form  or  size  in  certain  parts,  owing  to  the  well-known 
physiological  law  that  all  organs  are  strengthened  by  constant  use, 
while  they  are  weakened  or  completely  lost  by  disuse.  The  arguments 
of  Lamarck  di:*  not,  however,  satisfy  naturalists ;  and  although  a  few 
adopted  the  view  that  closely  allied  species  had  descended  from  each 
other,  the  general  belief  of  the  educated  public  was  that  each  species 
was  a  "special  creation"  quite  independent  of  all  others;  while  the 
great  body  of  naturalists  equally  held  that  the  change  from  one  species 
to  another  by  any  known  law  or  cause  was  impossible,  and  that  the 
"origin  of  species"  was  an  unsolved  and  probably  insoluble  problem. 
The  only  other  important  work  dealing  with  the  question  was  the  cel- 
ebrated Vestiges  of  Creation,  published  anonymously,  but  now  ao 
knowledged  to  have  been  written  by  the  late  Kobert  Chambers.  In 
this  work  the  action  of  general  laws  was  traced  throughout  the  universe 
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as  a  system  of  growth  and  development,  and  it  was  argued  that  the 
various  species  of  animals  and  plants  had  been  produced  in  orderly 
succession  from  each  other  by  the  action  of  unknown  laws  of  develop- 
ment aided  by  the  action  of  external  conditions.  Although  this  work 
had  a  considerable  effect  in  influencing  public  opinion  as  to  the  ex- 
treme improbability  of  the  doctrine  of  the  independent  "special  crea- 
tion" of  each  species,  it  had  little  effect  upon  naturalists,  because  it 
made  no  attempt  to  grapple  with  the  problem  hi  detail,  or  to  show  in 
any  single  case  how  the  allied  species  of  a  genus  could  have  arisen, 
and  have  preserved  their  numerous  slight  and  apparently  purposeless 
differences  from  each  other.  No  clue  whatever  was  afforded  to  a  law 
which  should  produce  from  any  one  species  one  or  more  slightly  differ- 
ing but  yet  permanently  distinct  species,  nor  was  any  reason  given 
why  such  slight  yet  constant  differences  should  exist  at  all 

Scientific    Opinion  before  Darwin. 

In  order  to  show  how  little  effect  these  writers  had  upon  the  public 
mind,  I  will  quote  a  few  passages  from  the  writings  of  Sir  Charles 
Lyell,  as  representing  the  opinions  of  the  most  advanced  thinkers  in 
the  period  immediately  preceding  that  of  Darwin's  work.  When  re- 
capitulating the  facts  and  arguments  in  favor  of  the  invariability  and 
permanence  of  species,  he  says:  "The  entire  variation  from  the  original 
type  which  any  given  kind  of  change  can  produce  may  usually  be 
effected  in  a  brief  period  of  time,  after  which  no  further  deviation  can 
be  obtained  by  continuing  to  alter  the  circumstances,  though  ever  so 
gradually,  indefinite  divergence  either  hi  the  way  of  improvement  or 
deterioration  being  prevented,  and  the  least  possible  excess  beyond 
the  defined  limits  being  fatal  to  the  existence  of  the  individual."  In 
another  place  he  maintains  that  "varieties  of  some  species  may  differ 
more  than  other  species  do  from  each  other  without  shaking  our  con- 
fidence hi  the  reality  of  species."  He  further  adduces  certain  facts  in 
geology  as  being,  in  his  opinion,  "fatal  to  the  theory  of  progressive 
development,"  and  he  explains  the  fact  that  there  are  so  often  distinct 
species  in  countries  of  similar  climate  and  vegetation  by  "  special  crea- 
tions "  hi  each  country ;  and  these  conclusions  were  arrived  at  after  a 
careful  study  of  Lamarck's  work,  a  full  abstract  of  which  is  given  in 
the  earlier  editions  of  the  Principles  of  Geology.* 

Professor  Agassiz,  one  of  the  greatest  naturalists  of  the  last  gen- 
eration, went  even  further,  and  maintained  not  only  that  each  species 
was  specially  created,  but  that  it  was  created  in  the  proportions  and 
hi  the  localities  in  which  we  now  find  it  to  exist.  The  following  ex- 
tract from  his  very  instructive  book  on  Lake  Superior  explains  this 
view:  "There  are  in  animals  peculiar  adaptations  which  are  charac- 
teristic of  their  species,  and  which  can  not  be  supposed  to  have  arisen 
from  subordinate  influences.  Those  who  live  in  shoals  can  not  be 
supposed  to  have  been  created  hi  single  pairs.  Those  which  are  made 
to  be  the  food  of  others  can  not  have  been  created  in  the  same  propor- 
tions as  those  which  live  upon  them.  Those  which  are  everywhere 
found  in  innumerable  specimens  must  have  been  introduced  in  num- 
bers capable  of  maintaining  their  normal  proportions  to  those  which 
live  isolated  and  are  comparatively  and  constantly  fewer.  For  we 

*  These  expressions  occur  in  Chapter  IX.  of  the  earlier  editions  (to  the  ninth) 
of  the  Principles  of  Geology. 
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know  that  this  harmony  in  the  numerical  proportions  between  animals 
is  one  of  the  great  laws  of  Nature.  The  circumstance  that  species 
occur  within  definite  limits  where  no  obstacles  prevent  their  wider 
distribution  leads  to  the  further  inference  that  these  limits  were 
assigned  to  them  from  the  beginning ;  and  so  we  should  come  to  tha 
final  conclusion  that  the  order  which  prevails  throughout  Nature  is 
intentional,  that  it  is  regulated  by  the  limits  marked  out  on  the  first 
day  of  creation,  and  that  it  has  been  maintained  unchanged  through 
ages  with  no  other  modifications  than  those  which  the  higher  intellect- 
ual powers  of  man  enable  him  to  impose  on  some  few  animals  more 
closely  connected  with  him."  4 

These  opinions  of  some  of  the  most  eminent  and  influential  writers 
of  the  pre-Darwinian  age  seem  to  us,  now,  either  altogether  obsolete 
or  positively  absurd;  but  they  nevertheless  exhibit  the  mental  con- 
dition of  even  the  most  advanced  section  of  scientific  men  on  the 
problem  of  the  nature  and  origin  of  species.  They  render  it  clear 
that,  notwithstanding  the  vast  knowledge  and  ingenious  reasoning  of 
Lamarck,  and  the  more  general  exposition  of  the  subject  by  the  author 
of  the  Vestiges  of  Creation,  the  first  step  had  not  been  taken  toward 
a  satisfactory  explanation  of  the  derivation  of  any  one  species  from 
any  other.  Such  eminent  naturalists  as  Geoffrey  Saint  Hilaire,  Dean 
Herbert,  Professor  Grant,  Von  Buch,  and  some  others,  had  expressed 
their  belief  that  species  arose  as  simple  varieties,  and  that  the  species 
of  each  genus  were  all  descended  from  a  common  ancestor ;  but  none 
of  them  gave  a  clue  as  to  the  law  or  the  method  by  which  the  change 
had  been  effected.  This  was  still  "the  great  mystery."  As  to  the 
further  question — how  far  this  common  descent  could  be  carried; 
whether  distinct  families,  such  as  crows  and  thrushes,  could  possibly 
have  descended  from  each  other;  or  whether  all  birds,  including  such 
widely  distinct  types  as  wrens,  eagles,  ostriches,  and  ducks,  could  all 
be  the  modified  descendants  of  a  common  ancestor ;  or,  still  further, 
whether  mammalia.,  birds,  reptiles,  and  fishes,  could  all  have  had  a 
common  origin; — these  questions  had  hardly  come  up  for  discussion 
at  all,  for  it  was  felt  that,  while  the  very  first  step  along  the  road  of 
"transmutation  of  species"  (as  it  was  then  called)  had  not  been  made, 
it  was  quite  useless  to  speculate  as  to  how  far  it  might  be  possible  to 
travel  in  the  same  direction,  or  where  the  road  would  ultimately 
lead  to. 

The  Problem  before  Darwin. 

It  is  clear,  then,  that  what  was  understood  by  the  "origin"  or  the 
"transmutation."  of  species  before  Darwin's  work  appeared,  was  the 
comparatively  simple  question  whether  the  allied  species  of  each 
genus  had  or  had  not  been  derived  from  one  another,  and,  remotely, 
from  some  common  ancestor,  by  the  ordinary  method  of  reproduction 
and  by  means  of  laws  and  conditions  still  in  action  and  capable  of 
being  thoroughly  investigated.  If  any  naturalist  had  been  asked  at 
that  day  whether,  supposing  it  to  be  clearly  shown  that  all  the  different 
species  of  each  genus  had  been  derived  from  some  one  ancestral  spe- 
cies, and  that  a  full  and  complete  explanation  were  to  be  given  of  how 
each  minute  difference  in  form,  color,  or  structure  might  have  originated, 
and  how  the  several  peculiarities  of  habit  and  of  geographical  distribu- 
tion might  have  been  brought  about, — whether,  if  mis  were  done,  the 

*  L.  Agassiz,  Lake  Superior,  p.  377. 
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"origin  of  species"  would  be  discovered,  the  great  mystery  solved,  he 
would  undoubtedly  have  replied  in  the  affirmative.  He  would  probably 
have  added  that  he  never  expected  any  such  marvelous  discovery  to  be 
made  hi  his  lifetime.  But  so  much  as  this  assuredly  Mr.  Darwin  has 
done,  not  only  hi  the  opinion  of  his  disciples  and  admirers,  but  by  the 
admissions  of  those  who  doubt  the  completeness  of  his  explanations. 
For  almost  all  their  objections  and  difficulties  apply  to  those  larger 
differences  which  separate  genera,  families,  and  orders  from  each  other, 
not  to  those  which  separate  one  species  from  the  species  to  which  it  is 
most  nearly  allied,  and  from  the  remaining  species  of  the  same  genus. 
They  adduce  such  difficulties  as  the  first  development  of  the  eye,  or  of 
the  milk-producing  glands  of  the  mammalia;  the  wonderful  instincts 
of  bees  and  of  ants ;  the  complex  arrangements  for  the  fertilization  of 
orchids,  and  numerous  other  points  of  structure  or  habit,  as  not  being 
satisfactorily  explained.  But  it  is  evident  that  these  peculiarities  had 
their  origin  at  a  very  remote  period  of  the  earth's  history,  and  no  the- 
ory, however  complete,  can  do  more  than  afford  a  probable  conjecture 
as  to  how  they  were  produced.  Our  ignorance  of  the  state  of  the 
earth's  surface  and  of  the  conditions  of  life  at  those  remote  periods  is 
very  great;  thousands  of  animals  and  plants  must  have  existed  of 
which  we  have  no  record ;  while  we  are  usually  without  any  inf onna- 
tion  as  to  the  habits  and  general  life-history  even  of  those  of  which  we 
possess  some  fragmentary  remains ;  so  that  the  truest  and  most  com- 
plete theory  would  not  enable  us  to  solve  all  the  difficult  problems 
which  the  whole  course  of  the  development  of  life  upon  our  globe 
presents  to  us. 

What  we  may  expect  a  true  theory  to  do  is  to  enable  us  to  compre- 
hend and  follow  out  hi  some  detail  those  changes  hi  the  form,  struct- 
ure, and  relations  of  animals  and  plants  which  are  effected  hi  short 
periods  of  tune,  geologically  speaking,  and  which  are  now  going  on 
around  us.  We  may  expect  it  to  explain  satisfactorily  most  of  the 
lesser  and  superficial  differences  which  distinguish  one  species  from 
another.  We  may  expect  it  to  throw  light  on  the  mutual  relations  of 
the  animals  and  plants  which  live  together  in  any  one  country,  and  to 
give  some  rational  account  of  the  phenomena  presented  by  then"  dis- 
tribution hi  different  parts  of  the  world.  And,  lastly,  we  may  expect 
it  to  explain  many  difficulties  and  to  harmonize  many  incongruities  hi 
the  excessively  complex  affinities  and  relations  of  living  things.  All 
this  the  Darwinian  theory  undoubtedly  does.  It  shows  us  how,  by 
means  of  some  of  the  most  universal  and  ever-acting  laws  hi  Nature,  new 
species  are  necessarily  produced,  while  the  old  species  become  extinct ; 
and  it  enables  us  to  understand  how  the  continuous  action  of  these 
lawrf  during  the  long  periods  with  which  geology  makes  us  acquainted 
is  calculated  to  bring  about  those  greater  differences  presented  by  the 
distinct  genera,  families,  and  orders  into  which  all  living  things  are 
classified  by  naturalists.  The  differences  which  these  present  are  all 
of  the  same  nature  as  those  presented  by  the  species  of  many  large 
genera,  but  much  greater  hi  amount;  and  they  can  all  be  explained 
by  the  action  of  the  same  general  laws  and  by  the  extinction  of  a  larger 
or  smaller  number  of  intermediate  species.  Whether  the  distinctions 
between  the  higher  groups  termed  Classes  and  Sub-kingdoms  may  be 
accounted  for  hi  the  same  way  is  a  much  more  difficult  question.  The 
differences  which  separate  the  mammals,  birds,  reptiles,  and  fishes 
from  each  other,  though  vast,  yet  seem  of  the  same  nature  as  those 
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which  distinguish  a  mouse  from  an  elephant  or  a  swallow  from  a 
goose.  But  the  vertebrate  animals,  the  mollusca,  and  the  insects,  are 
so  radically  distinct  in  their  whole  organization  and  in  the  very  plan 
of  their  structure,  that  objecters  may  not  unreasonably  doubt  whether 
they  can  all  have  been  derived  from  a  common  ancestor  by  means  of 
the  very  same  laws  as  have  sufficed  for  the  differentiation  of  the 
various  species  of  birds  or  of  reptiles. 

The  Change   of  Opinion   effected  by  Darwin. 

The  point  I  wish  especially  to  urge  is  this.  Before  Darwin's  work 
appeared,  the  great  majority  of  naturalists,  and  almost  without  excep- 
tion the  whole  literary  and  scientific  world,  held  firmly  to  the  belief 
that  species  were  realities,  and  had  not  been  derived  from  other  species 
by  any  process  accessible  to  us ;  the  different  species  of  crow  and  of 
violet  were  believed  to  have  been  always  as  distinct  and  separate  as 
they  are  now,  and  to  have  originated  by  some  totally  unknown  process 
so  far  removed  from  ordinary  reproduction  that  it  was  usually  spoken 
of  as  "special  creation."  There  was,  then,  no  question  of  the  origin 
of  families,  orders,  and  classes,  because  the  very  first  step  of  all,  the 
"origin  of  species,"  was  believed  to  be  an  insoluble  problem.  But 
now  this  is  all  changed.  The  whole  scientific  and  literary  world,  even 
the  whole  educated  public,  accepts,  as  a  matter  of  common  knowledge, 
the  origin  of  species  from  other  allied  species  by  the  ordinary  process 
of  natural  birth.  The  idea  of  special  creation  or  any  altogether  excep- 
tional mode  of  production  is  absolutely  extinct!  Yet  more:  this  is 
held  also  to  apply  to  many  higher  groups  as  well  as  to  the  species  of 
a  genus,  and  not  even  Mr.  Darwin's  severest  critics  venture  to  suggest 
that  the  primeval  bird,  reptile,  or  fish  must  have  been  "specially  cre- 
ated." And  this  vast,  this  totally  unprecedented  change  in  public 
opinion  has  been  tne  result  of  the  work  of  one  man,  and  was  brought 
about  in  the  short  space  of  twenty  years !  This  is  the  answer  to  those 
who  continue  to  maintain  that  the  "origin  of  species"  is  not  yet  dis- 
covered; that  there  are  still  doubts  and  difficulties;  that  there  are 
divergencies  of  structure  so  great  that  we  can  not  understand  how 
they  had  their  beginning.  We  may  admit  all  this,  just  as  we  may 
admit  that  there  are  enormous  difficulties  in  the  way  of  a  complete 
comprehension  of  the  origin  and  nature  of  all  the  parts  of  the  solar 
system  and  of  the  stellar  universe.  But  we  claim  for  Darwin  that  he 
is  the  Newton  of  natural  history,  and  that,  just  so  surely  as  that  the 
discovery  and  demonstration  by  Newton  of  the  law  of  gravitation 
established  order  in  place  of  chaos  and  laid  a  sure  foundation  for  all 
future  study  of  the  starry  heavens,  so  surely  has  Darwin,  by  his  dis- 
covery of  the  law  of  natural  selection  and  his  demonstration  of  the 
great  principle  of  the  preservation  of  useful  variations  in  the  struggle 
for  life,  not  only  thrown  a  flood  of  light  on  the  process  of  development 
of  the  whole  organic  world,  but  also  established  a  firm  foundation  for 
all  future  study  of  Nature. 

In  order  to  show  the  view  Darwin  took  of  his  own  work,  and  what 
it  was  that  he  alone  claimed  to  have  done,  the  concluding  passage  of 
the  introduction  to  The  Origin  of  Species  should  be  carefully  con- 
sidered. It  is  as  follows :  "  Although  much  remains  obscure,  and  will 
long  remain  obscure,  I  can  entertain  no  doubt,  after  the  most  delib- 
erate and  dispassionate  judgment  of  which  I  am  capable,  that  the 
view  which  most  naturalists  until  recently  entertained  and  which  I 
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formerly  entertained — namely,  that  each  species  has  been  indepen- 
dently created — is  erroneous.  I  am  fully  convinced  that  species  are 
not  immutable ;  but  that  those  belonging  to  what  are  called  the  same 
genera  are  lineal  descendants  of  some  other  and  generally  extinct 
species,  in  the  same  manner  as  the  acknowledged  varieties  of  any  one 
species  are  the  descendants  of  that  species.  Furthermore,  I  am  con- 
vinced that  Natural  Selection  has  been  the  most  important,  but  not 
the  exclusive,  means  of  modification." 

It  should  be  especially  noted  that  all  which  is  here  claimed  is  now 
almost  universally  admitted,  while  the  criticisms  of  Darwin's  works 
refer  almost  exclusively  to  those  numerous  questions  which,  as  he 
himself  says,  "will  long  remain  obscure." 

The  Darwinian  Theory. 

As  it  will  be  necessary,  in  the  following  chapters,  to  set  forth  a  con- 
siderable body  of  facts  in  almost  every  department  of  natural  history, 
in  order  to  establish  the  fundamental  propositions  on  which  the  theory 
of  natural  selection  rests,  I  propose  to  give  a  preliminary  statement 
of  what  the  theory  really  is,  in  order  that  the  reader  may  better 
appreciate  the  necessity  for  discussing  so  many  details,  and  may  thus 
feel  a  more  enlightened  interest  in  them.  Many  of  the  facts  to  be 
adduced  are  so  novel  and  so  curious  that  they  are  sure  to  be  appre- 
ciated by  every  one  who  takes  an  interest  in  Nature,  but  unless  the 
need  of  them  is  clearly  seen  it  may  be  thought  that  time  is  being 
wasted  on  mere  curious  details  and  strange  facts  which  have  little 
bearing  on  the  question  at  issue. 

The  theory  of  natural  selection  rests  on  two  main  classes  of  facts 
which  apply  to  all  organized  beings  without  exception,  and  which  thus 
take  rank  as  fundamental  principles  or  laws.  The  first  is,  the  power 
of  rapid  multiplication  in  a  geometrical  progression;  the  second,  that 
the  offspring  always  vary  slightly  from  the  parents,  though  generally 
very  closely  resembling  them.  From  the  first  fact  or  law  there  fol- 
lows, necessarily,  a  constant  struggle  for  existence ;  because,  while  the 
offspring  always  exceed  the  parents  in  number,  generally  to  an  enor- 
mous extent,  yet  the  total  number  of  living  organisms  in  the  world 
does  not.  and  can  not,  increase  year  by  year.  Consequently  every 
year,  on  the  average,  as  many  die  as  are  born,  plants  as  well  as  ani- 
mals; and  the  majority  die  premature  deaths.  They  kill  each  other 
in  a  thousand  different  ways;  they  starve  each  other  by  some  con- 
suming the  food  that  others  want ;  they  are  destroyed  largely  by  the 
powers  of  Nature — by  cold  and  heat,  by  rain  and  storm,  by  flood  and 
fire.  There  is  thus  a  perpetual  struggle  among  them  which  shall  live 
and  which  shall  die ;  and  this  struggle  is  tremendously  severe,  because 
so  few  can  possibly  remain  alive — one  in  five,  one  in  ten,  often  only 
one  in  a  hundred  or  even  one  in  a  thousand. 

Then  comes  the  question,  Why  do  some  live  rather  than  others? 
If  all  the  individuals  of  each  species  were  exactly  alike  in  every 
respect,  we  could  only  say  it  is  a  matter  of  chance.  But  they  are 
not  alike.  We  find  that  they  vary  in  many  different  ways.  Some 
are  stronger,  some  swifter,  some  hardier  in  constitution,  some  more 
cunning.  An  obscure  color  may  render  concealment  more  easy  for 
some,  keener  sight  may  enable  others  to  discover  prey  or  escape 
from  an  enemy  better  than  their  fellows.  Among  plants  the  smallest 
differences  may  be  useful  or  the  reverse.  The  earliest  and  strongest 
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•hoots  may  escape  the  sing-;  their  greater  vigor  may  enable  them  to 
flower  and  seed  earlier  in  wet  autumn ;  plants  best  armed  with  spines 
or  hairs  may  escape  being  devoured ;  those  whose  flowers  are  most 
conspicuous  may  be  soonest  fertilized  by  insects.  We  can  not  doubt 
that,  on  the  whole,  any  beneficial  variations  will  give  the  possessors  of 
it  a  greater  probability  of  living  through  the  tremendous  ordeal  they 
have  to  undergo.  There  may  be  something  left  to  chance,  but  on  the 
whole  the  fittest  will  survive. 

Then  we  have  another  importent  fact  to  consider — the  principle  of 
heredity  or  transmission  of  variations.  If  we  grow  plants  from  seed 
or  breed  any  kind  of  animals  year  after  year,  consuming  or  giving 
away  all  the  increase  we  do  not  wish  to  keep  just  as  they  come  to 
hand,  our  plants  or  animals  will  continue  much  the  same ;  but  if  every 
year  we  carefully  save  the  best  seed  to  sow  and  the  finest  or  brightest 
colored  animals  to  breed  from,  we  shall  soon  find  that  an  improve- 
ment will  take  place,  and  that  the  average  quality  of  our  stock  will  be 
raised.  This  is  the  way  in  which  all  our  fine  garden  fruits  and  vege- 
tables and  flowers  have  been  produced,  as  well  as  all  our  splendid 
breeds  of  domestic  animals ;  and  they  have  thus  become  in  many  cases 
so  different  from  the  wild  races  from  which  they  originally  sprang  as 
to  be  hardly  recognizable  as  the  same.  It  is  therefore  proved  that  if 
any  particular  kind  of  variation  is  preserved  and  bred  from,  the  varia- 
tion itself  goes  on  increasing  in  amount  to  an  enormous  extent ;  and 
the  bearing  of  this  on  the  question  of  the  origin  of  species  is  most 
important.  For  if  in  each  generation  of  a  given  animal  or  plant  the 
fittest  survive  to  continue  the  breed,  then  whatever  may  be  the 
peculiarity  that  causes  "fitness"  in  the  particular  case,  that  peculiar- 
ity will  go  on  increasing  and  strengthening  so  long  as  it  is  useful 
to  the  species.  But  the  moment  it  has  reached  its  maximum  of  use- 
fulness, and  some  other  quality  or  modification  would  help  in  the 
struggle,  then  the  individuals  which  vary  in  the  new  direction  will 
survive ;  and  thus  a  species  may  be  gradually  modified,  first  in  one 
direction,  then  in  another,  till  it  differs  from  the  original  parent  form 
as  much  as  the  greyhound  differs  from  any  wild  dog  or  the  cauli- 
flower from  any  wild  plant.  But  animals  or  plants  which  thus  differ 
in  a  state  of  Nature  are  always  classed  as  distinct  species,  and  thus 
we  see  how,  by  the  continuous  survival  of  the  fittest  or  the  preserva- 
tion of  favored  races  in  the  .struggle  for  life,  new  species  may  be 
originated. 

This  self-acting  process  which,  by  means  of  a  few  easily  demon- 
strated groups  of  facts,  brings  about  change  in  the  organic  world, 
and  keeps  each  species  in  harmony  with  the  conditions  of  its  exist- 
ence, will  appear  to  some  persons  so  clear  and  simple  as  to  need  no 
further  demonstration.  But  to  the  great  majority  of  naturalists  and 
men  of  science  endless  difficulties  and  objections  arise,  owing  to  the 
wonderful  variety  of  animal  and  vegetable  forms,  and  the  intricate 
relations  of  the  different  species  and  groups  of  species  with  each 
other ;  and  it  was  to  answer  as  many  of  these  objections  as  possible, 
and  to  show  that  the  more  we  know  of  Nature  the  more  we  find  it  to 
harmonize  with  the  development  hypothesis,  that  Darwin  devoted  the 
whole  of  his  life  to  collecting  facts  and  making  experiments,  the 
record  of  a  portion  of  which  he  has  given  us  in  a  series  of  twelve, 
masterly  volumes. 
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Proposed  Mode  of  Treatment  of  the  Subject. 

It  is  evidently  of  the  most  vital  importance  to  any  theory  that  its 
foundation  should  be  absolutely  secure.  It  is  therefore  necessary  to 
show,  by  a  wide  and  comprehensive  array  of  facts,  that  animals  and 
plants  do  perpetually  vary  in  the  manner  and  to  the  amount  req- 
uisite ;  and  that  this  takes  place  in  wild  animals  as  well  as  in  those 
which  are  domesticated.  It  is  necessary  also  to  prove  that  all  organ- 
isms do  tend  to  increase  at  the  great  rate  alleged,  and  that  this 
incresse  actually  occurs,  under  favorable  conditions.  We  have  to 
prove,  further,  that  variations  of  all  kinds  can  be  increased  and  ac- 
cumulated by  selection;  and  that  the  struggle  for  existence  to  the 
extent  here  indicated  actually  occurs  in  Nature,  and  leads  to  the 
continued  preservation  of  favorable  variations. 

These  matters  will  be  discussed  in  the  four  succeeding  chapters, 
though  in  a  somewhat  different  order — the  struggle  for  existence  and 
the  power  of  rapid  multiplication,  which  is  its  cause,  occupying  the 
first  place,  as  comprising  those  facts  which  can  be  perfectly  explained 
without  any  reference  to  the  less  generally  understood  facts  of  varia- 
tion. These  chapters  will  be  followed  by  a  discussion  of  certain  diffi- 
culties, and  of  the  vexed  question  of  hybridity.  Then  will  come  a 
rather  full  account  of  the  more  important  of  the  complex  relations  of 
organisms  to  each  other  and  to  the  earth  itself,  which  are  either  fully 
explained  or  greatly  elucidated  by  the  theory.  The  concluding  chap- 
ter will  treat  of  the  origin  of  man  and  his  relations  to  the  lower 
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CHAPTER  IL 

THE   STRUGGLE   FOR   EXISTENCE. 

Its  importance. — The  struggle  among  plants. —  Among  animals. —  Illustrative 
cases. — Succession  of  trees  in  forests  of  Denmark. — The  struggle  for  exist- 
ence on  the  Pampas. — Increase  of  organisms  in  a  geometrical  ratio. — Ex- 
amples of  great  powers  of  increase  of  animals. — Rapid  increase  and  wide 
spread  of  plants. — Great  fertility  not  essential  to  rapid  increase. —  Struggle 
between  closely  allied  species  most  severe. — The  ethical  aspect  of  the 
struggle  for  existence. 

There  is  perhaps  no  phenomenon  of  Nature  that  is  at  once  so 
important,  so  universal,  and  so  little  understood,  as  the  struggle  for 
existence  continually  going  on  among  all  organized  beings.  To  most 
persons  Nature  appears  calm,  orderly,  and  peaceful.  They  see  the 
birds  singing  in  the  trees,  the  insects  hovering  over  the  flowers,  the 
squirrel  climbing  among  the  tree-tops,  and  all  living  things  in  the 
possession  of  health  and  vigor,  and  in  the  enjoyment  of  a  sunny 
existence.  But  they  do  not  see,  and  hardly  ever  think  of,  the  means 
by  which  this  beauty  and  harmony  and  enjoyment  is  brought  about. 
They  do  not  see  the  constant  and  daily  search  after  food,  the  failure 
to  obtain  which  means  weakness  or  death;  the  constant  effort  to 
escape  enemies;  the  ever-recurring  struggle  against  the  forces  of 
Nature.  This  daily  and  hourly  struggle,  the  incessant  warfare,  is 
nevertheless  the  very  means  by  which  much  of  the  beauty  and  har- 
mony and  enjoyment  in  Nature  is  produced,  and  also  affords  one  of 
the  most  important  elements  in  bringing  about  the  origin  of  species. 
We  must,  therefore,  devote  some  time  to  the  consideration  of  its 
various  aspects  and  of  the  many  curious  phenomena  to  which  it  gives 
rise. 

It  is  a  matter  of  common  observation  that  if  weeds  are  allowed  to 
grow  unchecked  in  a  garden  they  will  soon  destroy  a  number  of  flow- 
ers. It  is  not  so  commonly  known  that  if  a  garden  is  left  to  become 
altogether  wild,  the  weeds  that  first  take  possession  of  it,  often  cover- 
ing the  whole  surface  of  the  ground  with  two  or  three  different  kinds, 
will  themselves  be  supplanted  by  others,  so  that  in  a  few  years  many 
of  the  original  flowers  and  of  the  earliest  weeds  may  alike  have  disap- 
peared. This  is  one  of  the  simplest  cases  of  the  struggle  for  exist- 
ence, resulting  in  the  successive  displacement  of  one  set  of  species  by 
another;  but  the  exact  causes  of  this  displacement  are  by  no  means  of 
such  a  simple  nature.  All  the  plants  concerned  may  be  perfectly 
hardy,  all  may  grow  freely  from  seed,  yet  when  left  alone  for  a  num- 
ber of  years,  each  set  is  in  turn  driven  out  by  a  succeeding  set,  till  at 
the  end  of  a  considerable  period — a  century  or  a  few  centuries  per- 
haps— hardly  one  of  the  plants  which  first  monopolized  the  ground 
would  be  found  there. 

Another  phenomenon  of  an  analogous  kind  is  presented  by  the 
different  behavior  of  introduced  wild  plants  or  animals  into  countries 
apparently  quite  as  well  suited  to  them  as  those  which  they  naturally 
inhabit  Agassiz,  in  his  work  on  Lake  Superior,  states  that  the  road- 
side weeds  of  the  northeastern  United  States,  to  the  number  of  130 
species,  are  all  European,  the  native  weeds  having  disappeared  west- 
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wards;  and  in  New  Zealand  there  are  no  less  than  250  species  of 
naturalized  European  plants,  more  than  100  species  of  which  have 
spread  widely  over  the  country,  often  displacing  the  native  vegeta- 
tion. On  the  other  hand,  of  the  many  hundreds  of  hardy  plants 
which  produce  seed  freely  in  our  gardens,  very  few  ever  run  wild, 
and  hardly  any  have  become  common.  Even  attempts  to  naturalize 
suitable  plants  usually  fail;  for  A.  de  Candolle  states  that  several 
botanists  of  Paris,  Geneva,  and  especially  of  Montpellier,  have  sown 
the  seeds  of  many  hundreds  of  species  of  hardy  exotic  plants  in  what 
appeared  to  be  the  most  favorable  situations,  but  that,  in  hardly  a 
single  case,  has  any  one  of  them  become  naturalized.*  Even  a  plant 
like  the  potato — so  widely  cultivated,  so  hardy,  and  so  well  adapted 
to  spread  by  means  of  its  many-eyed  tubers — has  not  established 
itself  in  a  wild  state  in  any  part  of  Europe.  It  would  be  thought 
that  Australian  plants  would  easily  run  wild  in  New  Zealand.  But 
Sir  Joseph  Hooker  informs  us  that  the  late  Mr.  Bidwell  habitually 
scattered  Australian  seeds  during  his  extensive  travels  in  New  Zea- 
land, yet  only  two  or  three  Australian  plants  appear  to  have  estab- 
lished themselves  in  that  country,  and  these  only  in  cultivated  or 
newly  moved  soil. 

These  few  illustrations  sufficiently  show  that  all  the  plants  of  a 
country  are.  as  De  Candolle  says,  at  war  with  each  other,  each  one 
struggling  to  occupy  ground  at  the  expense  of  its  neighbor.  But, 
besides  this  direct  competition,  there  is  one  not  less  powerful  arising 
from  the  exposure  of  almost  all  plants  to  destruction  by  animals. 
The  buds  are  destroyed  by  birds,  the  leaves  by  caterpillars,  the  seeds 
by  weevils ;  some  insects  bore  into  the  trunk,  others  burrow  in  the 
twigs  and  leaves ;  slugs  devour  the  young  seedlings  and  the  tender 
shoots,  wireworms  gnaw  the  roots.  Herbivorous  mammals  devour 
many  species  bodily,  while  some  uproot  and  devour  the  buried 
tubers. 

In  animals,  it  is  the  eggs  or  the  very  young  that  suffer  the  most  from 
their  various  enemies ;  in  plants,  the  tender  seedlings  when  they  first 
appear  above  the  ground.  To  illustrate  this  latter  point  Mr.  Darwin 
cleared  and  dug  a  piece  of  ground  three  feet  long  and  two  feet  wide, 
and  then  marked  all  the  seedlings  of  weeds  and  other  plants  which  came 
up,  noting  what  became  of  them.  The  total  number  was  357,  and  out 
of  these  no  less  than  295  were  destroyed  by  slugs  and  insects.  The  di- 
rect strife  of  plant  with  plant  is  almost  equaDy  fatal  when  the  stronger 
are  allowed  to  smother  the  weaker.  When  turf  is  mown  or  closely 
browsed  by  animals,  a  number  of  strong  and  weak  plants  live  together, 
because  none  are  allowed  to  grow  much  beyond  the  rest ;  but  Mr.  Dar- 
win found  that  when  the  plants  which  compose  such  turf  are  allowed  to 
grow  up  freely,  the  stronger  kill  the  weaker.  In  a  plot  of  turf  three 
feet  by  four,  twenty  distinct  species  of  plants  were  found  to  be  grow- 
ing, and  no  less  than  nine  of  these  perished  altogether  when  the  other 
species  were  allowed  to  grow  up  to  their  full  size.f 

But  besides  having  to  protect  themselves  against  competing  plants 
and  against  destructive  animals,  there  is  a  yet  deadlier  enemy  in  the 
forces  of  inorganic  Nature.  Each  species  can  sustain  a  certain  amount 
of  heat  and  cold,  each  requires  a  certain  amount  of  moisture  at  the  right 
season,  each  wants  a  proper  amount  of  light  or  of  direct  sunshine,  each 

*  Gfograpltie  Bntamque,  p.  798.  f  TJie  Origin  of  Species,  p.  53. 
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needs  certain  elements  in  the  soil;  the  failure  of  a  due  proportion  in 
these  inorganic  conditions  causes  weakness,  and  thus  leads  to  speedy 
death.  The  struggle  for  existence  in  plants  is,  therefore,  threefold  in 
character  and  infinite  in  complexity,  and  the  result  is  seen  in  their  curi- 
ously irregular  distribution  over  the  face  of  the  earth.  Not  only  has  each 
country  its  distinct  plants,  but  every  valley,  every  hillside,  almost  every 
hedgerow,  has  a  different  set  of  plants  from  its  adjacent  valley,  hillside, 
or  hedgerow :  if  not  always  different  in  the  actual  species  yet  very  dif- 
ferent in  comparative  abundance,  some  which  are  rare  in  the  one  being 
common  in  the  other.  Hence  it  happens  that  slight  changes  of  con- 
ditions often  produce  great  changes  in  the  flora  of  a  country.  Thus 
in  1740  and  the  two  following  years  the  larva  of  a  moth  (Phalcena 
graminis)  committed  such  destruction  in  many  of  the  meadows  of  Swe- 
den that  the  grass  was  greatly  diminished  in  quantity,  and  many  plants 
which  were  before  choked  by  the  grass  sprang  up,  and  the  ground  be- 
came variegated  with  a  multitude  of  different  species  of  flowers.  The 
introduction  of  goats  into  the  island  of  St.  Helena  led  to  the  entire 
destruction  of  the  native  forests,  consisting  of  about  a  hundred  distinct 
species  of  trees  and  shrubs,  the  young  plants  being  devoured  by  the 
goats  as  fast  as  they  grew  up.  The  camel  is  a  still  greater  enemy  to 
woody  vegetation  than  the  goat,  and  Mr.  Marsh  believes  that  forests 
would  soon  cover  considerable  tracts  of  the  Arabian  and  African  des- 
erts if  the  goat  and  the  camel  were  removed  from  them.*  Even  in 
many  parts  of  our  own  country  the  existence  of  trees  is  dependent  on 
the  absence  of  cattle.  Mr.  Darwin  observed,  on  some  extensive  heaths 
near  Farnham,  in  Surrey  a  few  clumps  of  old  Scotch  firs,  but  no  young 
trees  over  hundreds  of  acres.  Some  portions  of  the  heath  had,  however, 
been  inclosed  a  few  years  before,  and  these  inclosures  were  crowded 
with  young  fir-trees  growing  too  close  together  for  all  to  live ;  and  these 
were  not  sown  or  planted,  nothing  having  been  done  to  the  ground  be- 
yond inclosing  it  so  as  to  keep  out  cattle.  On  ascertaining  this,  Mr. 
Darwin  was  so  much  surprised  that  he  searched  among  the  heather  in 
the  uninclosed  parts,  and  there  he  found  multitudes  of  little  trees  and 
seedlings  which  had  been  perpetually  browsed  down  by  the  cattle.  In 
one  square  yard,  at  a  point  about  a  hundred  yards  from  one  of  the  old 
clumps  of  firs,  he  counted  thirty -two  little  trees,  and  one  of  them  had 
twenty-six  rings  of  growth,  showing  that  it  had  for  many  years  tried 
to  raise  its  head  above  the  stems  of  the  heather  and  had  failed.  Yet 
this  heath  was  very  extensive  and  very  barren,  and,  as  Mr.  Darwin  re- 
marks, no  one  would  ever  have  imagined  that  cattle  would  have  so 
closely  and  so  effectually  searched  it  for  food. 

In  the  case  of  animals,  the  competition  and  struggle  are  more  ob- 
vions.  The  vegetation  of  a  given  district  can  only  support  a  certain 
number  of  animals,  and  the  different  kinds  of  plant-eaters  will  compete 
together  for  it.  They  will  also  have  insects  for  their  competitors,  and 
these  insects  will  be  kept  down  by  birds,  which  will  thus  assist  the 
mammalia.  But  there  will  also  be  carnivora  destroying  the  herbivora ; 
while  small  rodents,  like  the  lemming  and  some  of  the  field-mice,  often 
destroy  so  much  vegetation  as  materially  to  affect  the  food  of  all  the 
other  groups  of  animals.  Droughts,  floods,  severe  winters,  storms  and 
hurricanes  will  injure  these  in  various  degrees,  but  no  one  species  can 
be  diminished  in  numbers  without  the  effect  being  felt  in  various  com- 

*  The  Earth  as  Modified   by  Human  Action, 
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plex  ways  by  all  the  rest.    A  few  illustrations  of  this  reciprocal  action 
must  be  given. 

Illustrative   Cases  of  the  Struggle  for  Life. 

Sir  Charles  Lyell  observes  that  if,  by  the  attacks  of  seals  or  other 
marine  foes,  salmon  are  reduced  in  numbers,  the  consequence  will  be 
that  otters,  living  far  inland,  will  be  deprived  of  food  and  will  then 
destroy  many  young  birds  or  quadrupeds,  so  that  the  increase  of  a 
marine  animal  may  cause  the  destruction  of  many  land  animals  hun- 
dreds of  miles  away.  Mr.  Darwin  carefully  observed  the  effects  pro- 
duced by  planting  a  few  hundred  acres  of  Scotch  fir,  in  Staffordshire,  on 
part  of  a  very  extensive  heath  which  had  never  been  cultivated.  After 
the  planted  portion  was  about  twenty-five  years  old  he  observed  that 
the  change  in  the  native  vegetation  was  greater  than  is  often  seen  in 
passing  from  one  quite  different  soil  to  another.  Besides  a  great 
change  in  the  proportional  numbers  of  the  native  heath-plants,  twelve 
species  which  could  not  be  found  on  the  heath  flourished  in  the  planta- 
tions. The  effect  on  the  insect  life  must  have  been  still  greater,  for 
sis  insectivorous  birds  which  were  very  common  in  the  plantations 
were  not  to  be  seen  on  the  heath,  which  was,  however,  frequented  by 
two  or  three  different  species  of  insectivorous  birds.  It  would  have 
required  continued  study  for  several  years  to  determine  all  the  differ- 
ences in  the  organic  life  of  the  two  areas,  but  the  facts  stated  by  Mr. 
Darwin  are  sufficient  to  show  how  great  a  change  may  be  effected  by 
the  introduction  of  a  single  kind  of  tree  and  the  keeping  out  of  cattle. 

The  next  case  I  will  give  in  Mr.  Darwin's  own  words:  "In  several 
parts  of  the  world  insects  determine  the  existence  of  cattle.  Perhaps 
Paraguay  offers  the  most  curious  instance  of  this ;  for  here  neither 
cattle  nor  horses  nor  dogs  have  ever  run  wild,  though  they  swarm 
southward  and  northward  in  a  feral  state ;  and  Azara  and  Rengger 
have  shown  that  this  is  caused  by  the  greater  numbers,  in  Paraguay, 
of  a  certain  fly  which  lays  its  eggs  in  the  navels  of  these  animals  when 
first  born.  The  increase  of  these  flies,  numerous  as  they  are,  must  be 
habitually  checked  by  some  means,  probably  by  other  parasitic  insects. 
Hence,  if  certain  insectivorous  birds  were  to  decrease  in  Paraguay, 
the  parasitic  insects  would  probably  increase ;  and  this  would  lessen 
the  number  of  the  navel-frequenting  flies — then  cattle  and  horses 
would  become  feral,  and  this  would  greatly  alter  (as  indeed  I  have  ob- 
served in  parts  of  South  America)  the  vegetation ;  this  again  would 
largely  affect  the  insects,  and  this,  as  we  have  just  seen  in  Stafford- 
shire, the  insectivorous  birds,  and  so  onward  in  ever- increasing  circles 
of  complexity.  Not  that  under  Nature  the  relations  will  ever  be  as 
simple  as  this.  Battle  within  battle  must  be  continually  recurring 
with  varying  success  ;  and  yet  in  the  long  run  the  forces  are  so  nicely 
balanced  that  the  face  of  Nature  remains  for  a  long  time  uniform, 
though  assuredly  the  merest  trifle  would  give  the  victory  to  one 
organic  being  over  another."  * 

Such  cases  as  the  above  may  perhaps  be  thought  exceptional,  but 
there  is  good  reason  to  believe  that  they  are  by  no  means  rare,  but 
are  illustrations  of  what  is  going  on  in  every  part  of  the  world,  only  it 
is  very  difficult  for  us  to  trace  out  the  complex  reactions  that  are 
everywhere  occurring.  The  general  impression  of  the  ordinary  ob- 

*  The  Origin  of  Species,  p.  56. 
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server  seems  to  be  that  wild  animals  and  plants  live  peaceful  lives  and 
have  few  troubles,  each  being  exactly  suited  to  its  place  aiid  surround- 
ings, and  therefore  having  no  difficulty  in  maintaining  itself.  Before 
showing  that  this  view  is,  everywhere  and  always,  demonstrably  un- 
true, we  will  consider  one  other  case  of  the  complex  relations  of  dis- 
tinct organisms  adduced  by  Mr.  Darwin,  and  often  quoted  for  its 
striking  and  almost  eccentric  character.  It  is  now  well  known  that 
many  flowers  require  to  be  fertilized  by  insects  in  order  to  produce 
seeds,  and  this  fertilization  can,  in  some  cases,  only  be  effected  by  one 
particular  species  of  insect  to  which  the  flower  has  become  specially 
adapted.  Two  of  our  common  plants,  the  wild  heart' s-case  ( Viola 
tricolor)  and  the  red  clover  (Trifolium  pratense),  are  thus  fertilized 
by  humble-bees  almost  exclusively,  and  if  these  insects  are  prevented 
from  visiting  the  flowers,  they  produce  no  seed  at  all  or  exceedingly 
few.  Now  it  is  known  that  field-mice  destroy  the  combs  and  nests  of 
humble-bees,  and  Colonel  Newman,  who  has  paid  great  attention  to 
these  insects,  believes  that  more  than  two-thirds  of  all  the  humble- 
bees'  nests  in  England  are  thus  destroyed.  But  the  number  of  mice 
depends  a  good  deal  on  the  number  of  cats  ;  and  the  same  observer 
says  that  near  villages  and  towns  he  has  found  the  nests  of  humble- 
bees  more  numerous  than  elsewhere,  which  he  attributes  to  the  num- 
ber of  cats  that  destroy  the  mice.  Hence  it  follows,  that  the  abun- 
dance of  red  clover  and  wild  heart's-ease  in  a  district  will  depend  on 
a  good  supply  of  cats  to  kill  the  mice,  which  would  otherwise  destroy 
and  keep  down  the  humble-bees  and  prevent  them  from  fertilizing  the 
flowers.  A  chain  of  connection  has  thus  been  found  between  such 
totally  distinct  organisms  as  flesh-eating  mammalia  and  sweet-smell- 
ing flowers,  the  abundance  or  scarcity  of  the  one  closely  correspond- 
ing to  that  of  the  other ! 

The  following  account  of  the  struggle  between  trees  in  the  forests 
of  Denmark,  from  the  researches  of  M.  Hansten-Blagsted,  strikingly 
illustrates  our  subject.*  The  chief  combatants  are  the  beech  and  the 
birch,  the  former  being  everywhere  successful  in  its  invasions. 
Forests  composed  wholly  of  birch  are  now  only  found  in  sterile,  sandy 
tracts  ;  everywhere  else  the  trees  are  mixed,  and  wherever  the  soil  is 
favorable  the  beech  rapidly  drives  out  the  birch.  The  latter  loses  its 
branches  at  the  touch  of  the  beech,  and  devotes  all  its  strength  to  the 
upper  part  where  it  towers  above  the  beech.  It  may  live  long  in  this 
way,  but  it  succumbs  ultimately  in  the  fight — of  old  age  if  of  nothing 
else,  for  the  life  of  the  birch  in  Denmark  is  shorter  than  that  of  the 
beech.  The  writer  believes  that  light  (or  rather  shade)  is  the  cause 
of  the  superiority  of  the  latter,  for  it  has  a  greater  development  of  its 
branches  than  the  birch,  which  is  more  open  and  thus  allows  the  rays 
of  the  sun  to  pass  through  to  the  soil  below,  while  the  tufted,  bushy 
top  of  the  beech  preserves  a  deep  shade  at  its  base.  Hardly  any 
young  plants  can  grow  under  the  beech  except  its  own  shoots  ;  and 
while  the  beech  can  flourish  under  the  shade  of  the  birch,  the  latter 
dies  immediately  under  the  beech.  The  birch  has  only  been  saved 
from  total  extermination  by  the  facts  that  it  had  possession  of  the 
Danish  forests  long  before  the  beech  ever  reached  the  country,  and 
that  certain  districts  are  unfavorable  to  the  growth  of  the  latter.  But 
wherever  the  soil  has  been  enriched  by  the  decomposition  of  the  leaves 

*  See  Nature,  vol.  xxxi.  p.  63. 
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of  the  birch  the  battle  begins.  The  birch  still  flourishes  on  the 
borders  of  lakes  and  other  marshy  places,  where  its  enemy  can  not 
exist.  In  the  same  way,  in  the  forests  of  Zeeland,  the  fir  forests  are 
disappearing  before  the  beech.  The  struggle  between  the  latter  and 
the  oak  is  longer  and  more  stubborn,  for  the  branches  and  foliage  of 
the  oak  are  thicker,  and  offer  much  resistance  to  the  passage  of  light. 
The  oak,  also,  has  greater  longevity  ;  but,  sooner  or  later,  it  too  suc- 
cumbs, because  it  can  not  develop  in  the  shadow  of  the  beech.  The 
earliest  forests  of  Denmark  Were  mainly  composed  of  aspens,  with 
which  the  birch  was  apparently  associated  ;  gradually  the  soil  was 
raised,  and  the  climate  grew  milder ;  then  the  fir  came  and  formed 
large  forests.  This  tree  ruled  for  centuries,  and  then  ceded  the  first 
place  to  the  holm-oak,  which  is  now  giving  way  to  the  beech.  Aspen, 
birch,  fir,  oak,  and  beech  appear  to  be  the  steps  in  the  struggle  for  the 
survival  of  the  fittest  among  the  forest-trees  of  Denmark. 

It  may  be  added  that  in  the  time  of  the  Eomans  the  beech  was  the 
principal  forest-tree  of  Denmark  as  it  is  now,  while  in  the  much  earlier 
bronze  age,  represented  by  the  later  remains  found  in  the  peat-bogs, 
there  were  no  beech-trees,  or  very  few,  the  oak  being  the  prevailing 
tree,  while  in  the  still  earlier  stone  period  the  fir  was  the  most  abun- 
dant. The  beech  is  a  tree  essentially  of  the  temperate  zone,  having 
its  northern  limit  considerably  southward  of  the  oak,  fir,  birch,  or 
aspen,  and  its  entrance  into  Denmark  was  no  doubt  due  to  the 
amelioration  of  the  climate  after  the  glacial  epoch  had  entirely  passed 
away.  We  thus  see  how  changes  of  climate,  which  are  continually 
occurring  owing  either  to  cosmical  or  geographical  causes,  may  initiate 
a  struggle  among  plants  which  may  continue  for  thousands  of  years, 
and  which  must  profoundly  modify  the  relations  of  the  animal  world, 
since  the  very  existence  of  innumerable  insects,  and  even  of  many 
birds  and  mammals,  is  dependent  more  or  less  completely  on  certain 
species  of  plants. 

The    Struggle  for   Existence   on   the   Pampas. 

Another  illustration  of  the  struggle  for  existence,  in  which  both 
plants  and  animals  are  implicated,  is  afforded  by  the  pampas  of  the 
southern  part  of  South  America.  The  absence  of  trees  from  these 
vast  plains  has  been  imputed  by  Mr.  Darwin  to  the  supposed  inability 
of  the  tropical  and  sub-tropical  forms  of  South  America  to  thrive  on 
them,  and  there  being  no  other  source  from  which  they  could  obtain  a 
supply ;  and  that  explanation  was  adopted  by  such  eminent  botanists 
as  Mr.  Ball  and  Professor  Asa  Gray.  This  explanation  has  always 
peeroed  to  me  unsatisfactory,  because  there  are  ample  forests  both  in 
cne  temperate  regions  of  the  Andes  and  on  the  whole  west  coast  down 
to  Terra  del  Fuego  ;  and  is  inconsistent  with  what  we  know  of  the 
rapid  variation  and  adaptation  of  species  to  new  conditions.  What 
seems  a  more  satisfactory  explanation  has  been  given  by  Mr.  Edwin 
Clark,  a  civil  engineer,  who  resided  nearly  two  years  in  the  country 
and  paid  much  attention  to  its  natural  history.  He  says : — 

"The  peculiar  characteristics  of  these  vast  level  plains  which  de- 
scend from  the  Andes  to  the  great  river-basin  in  unbroken  monotony, 
are  the  absence  of  rivers  or  water-storage,  and  the  periodical  occur- 
rence of  droughts,  or  'siccos,'  in  the  summer  months.  These  con- 
ditions determine  the  singular  character  both  of  its  flora  and  fauna. 
"The  soil  is  naturally  fertile  and  favorable  for  the  growth  of  trees, 
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and  they  grow  luxuriantly  wherever  they  are  protected.  The  eucalyp. 
tus  is  covering  large  tracts  wherever  it  is  inclosed,  and  willows,  pop- 
lars, and  the  ng  surround  every  estancia  when  fenced  in. 

"The  open  plains  are  covered  with  droves  of  horses  and  cattle,  and 
overrun  by  numberless  wild  rodents,  the  original  tenants  of  the  pam- 
pas. During  the  long  periods  of  drought,  which  are  so  great  a 
scourge  to  the  country,  these  animals  are  starved  by  thousands,  de- 
stroying, in  their  efforts  to  live,  every  vestige  of  vegetation.  In  one  of 
these  'siccos,'  at  the  time  of  my  visit,  no  less  than  50,000  head  of  oxen 
and  sheep  and  horses  perished  from  starvation  and  thirst,  after  tear- 
ing deep  out  of  the  soil  every  trace  of  vegetation,  including  the  wiry 
roots  of  the  pampas-grass.  Under  such  circumstances  the  existence 
of  an  unprotected  tree  is  impossible.  The  only  plants  that  hold  their 
own,  in  addition  to  the  indestructible  thistles,  grasses,  and  clover,  are 
a  little  herbaceous  oxalis,  producing  viviparous  buds  of  extraordinary 
vitality,  a  few  poisonous  species,  such  as  the  hemlock,  and  a  few  tough, 
thorny  dwarf-acacias  and  wiry  rushes,  which  even  a  starving  rat 
refuses. 

"Although  the  cattle  are  a  modern  introduction,  the  numberless 
indigenous  rodents  must  always  have  effectually  prevented  the  intro- 
duction of  any  other  species  of  plants ;  large  tracts  are  still  honey- 
combed by  the  ubiquitous  biscacho,  a  gigantic  rabbit ;  and  numerous 
other  rodents  still  exist,  including  rats  and  mice,  pampas-hares,  and 
the  great  nutria  and  carpincho  (capybara)  on  the  river  banks."  * 

Mr.  Clark  further  remarks  on  the  desperate  struggle  for  existence 
which  characterizes  the  bordering  fertile  zones,  where  rivers  and 
marshy  plains  permit  a  more  luxuriant  and  varied  vegetable  and 
animal  life.  After  describing  how  the  river  sometimes  rose  30  feet  in 
eight  hours,  doing  immense  destruction,  and  the  abundance  of  the 
larger  carnivora  and  large  reptiles  on  its  banks,  he  goes  on :  "But  it 
was  among  the  flora  that  the  principle  of  natural  selection  was  most 
prominently  displayed.  In  such  a  district — overrun  with  rodents  and 
escaped  cattle,  subject  to  floods  that  carried  away  whole  islands  of 
botany,  and  especially  to  droughts  that  dried  up  the  lakes  and  almost 
the  river  itself — no  ordinary  plant  could  live,  even  on  this  rich  and 
watered  alluvial  debris.  The  only  plants  that  escaped  the  cattle  were 
such  as  were  either  poisonous,  or  thorny,  or  resinons,  or  indestruc- 
tibly tough.  Hence  we  had  only  a  great  development  of  solanums, 
talas,  acacias,  euphorbias,  and  laurels.  The  buttercup  is  replaced  by 
the  little  poisonous  yellow  oxalis  with  its  viviparous  buds;  the 
passion-flowers,  asclepiads,  bignonias,  convolvuluses,  and  climbing 
leguminous  plants  escape  both  floods  and  cattle  by  climbing  the 
highest  trees  and  towering  overhead  in  a  flood  of  bloom.  The  ground 
plants  are  the  portulacas,  turneras,  and  oenotheras,  bitter  and  ephem- 
eral, on  the  bare  rock,  and  almost  independent  of  any  other  moisture 
than  the  heavy  dews.  The  pontederias,  alismas,  and  plantago,  with 
grasses  and  sedges,  derive  protection  from  the  deep  and  brilliant 
pools  ;  and  though  at  first  sight  the  'monte'  doubtless  impresses  the 
traveler  as  a  scene  of  the  wildest  confusion  and  ruin,  yet,  on  closer 
examination,  we  found  it  far  more  remarkable  as  a  manifestation  of 
harmony  and  law,  and  a  striking  example  of  the  marvelous  power 
which  plants,  like  animals,  possess,  of  adapting  themselves  to  the 

*  A  Ffart  to  South  America  1878;  also  Nature,  vol.  zzzi.  pp.  269-880. 
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local  peculiarities  of  their  habitat,  whether  in  the  fertile  shades  of 
the  luxuriant  '  monte '  or  on  the  arid,  parched-up  plains  of  the  treeless 
pampas." 

A  curious  example  of  the  struggle  between  plants  has  been  com- 
municated to  me  by  Mr.  John  Ennis,  a  resident  in  New  Zealand.  The 
English  water-cress  grows  so  luxuriantly  in  that  country  as  to  com- 
pletely choke  up  the  rivers,  sometimes  leading  to  disastrous  floods, 
and  necessitating  great  outlay  to  keep  the  stream  open.  But  a  natural 
remedy  has  now  been  found  in  planting  willows  on  the  banks.  The 
roots  of  these  trees  penetrate  the  bed  of  the  stream  in  every  direction, 
and  the  water-cress,  unable  to  obtain  the  requisite  amount  of  nourish- 
ment, gradually  disappears. 

Increase  of  Organisms  in  a  Geometrical  Ratio. 

The  facts  which  have  now  been  adduced  sufficiently  prove  that 
there  is  a  continual  competition,  and  struggle,  and  war  going  on  in 
Nature,  and  that  each  species  of  animal  and  plant  affects  many  others 
in  complex  and  often  unexpected  ways.  We  will  now  proceed  to  show 
the  fundamental  cause  of  this  struggle,  and  to  prove  that  it  is  ever 
acting  over  the  whole  field  of  Nature,  and  that  no  single  species  of 
animal  or  plant  can  possibly  escape  from  it.  This  results  from  the 
fact  of  the  rapid  increase,  in  a  geometrical  ratio,  of  all  the  species  of 
animals  and  plants.  In  the  lower  orders  this  increase  is  especially 
rapid,  a  single  flesh-fly  (Musca  carnaria)  producing  20,000  larvae,  and 
these  growing  so  quickly  that  they  reach  their  full  size  in  a  few  days ; 
hence  the  great  Swedish  naturalist,  Linnaeus,  asserted  that  a  dead 
horse  would  be  devoured  by  three  of  these  flies  as  quickly  as  by  a  lion. 
Each  of  these  larvae  remains  in  the  pupa  state  about  five  or  six  days, 
so  that  each  parent  fly  may  be  increased  ten  thousand-fold  in  a 
fortnight.  Supposing  they  went  on  increasing  at  this  rate  during 
only  three  months  of  summer,  there  would  result  one  hundred  millions 
of  millions  of  millions  for  each  fly  at  the  commencement  of  summer, 
— a  number  greater  probably  than  exists  at  any  one  time  in  the  whole 
world.  And  this  is  only  one  species,  while  there  are  thousands  of 
other  species  increasing  also  at  an  enormous  rate;  so  that,  if  they 
were  unchecked,  the  whole  atmosphere  would  be  dense  with  flies,  and 
all  animal  food  and  much  of  animal  life  would  be  destroyed  by  them. 
To  prevent  this  tremendous  increase  there  must  be  incessant  war  against 
these  insects,  by  insectivorous  birds  and  reptiles  as  well  as  by  other 
insects,  in  the  larva  as  well  as  in  the  perfect  state,  by  the  action  of  the 
elements  in  the  form  of  rain,  hail,  or  drought,  and  by  other  unknown 
causes ;  yet  we  see  nothing  of  this  ever-present  war,  though  by  its 
means  alone,  perhaps,  we  are  saved  from  famine  and  pestilence. 

Let  us  now  consider  a  less  extreme  and  more  familiar  case.  We 
possess  a  considerable  number  of  birds  which,  like  the  redbreast, 
sparrow,  the  four  common  titmice,  the  thrush,  and  the  blackbird,  stay 
with  us  all  the  year  round.  These  lay  on  an  average  six  eggs,  but,  as 
several  of  them  have  two  or  more  broods  a  year,  ten  will  be  below  the 
average  of  the  year's  increase.  Such  birds  as  these  often  live  from 
fifteen  to  twenty  years  in  confinement,  and  we  can  not  suppose  them  to 
live  shorter  lives  in  a  state  of  Nature,  if  unmolested ;  but  to  avoid 
possible  exaggeration  we  will  take  only  ten  years  as  the  average 
duration  of  their  lives.  Now,  if  we  start  with  a  single  pair,  and  these 
are  allowed  to  live  and  breed,  unmolested,  till  they  die  at  the  end  of 
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ten  years, — as  they  might  do  if  turned  loose  into  a  good-sized  island 
with  ample  vegetable  and  insect  food,  but  no  other  competing  or 
destructive  birds  or  quadrupeds, — their  number  would  amount  to  more 
than  twenty  millions.  But  we  know  very  well  that  our  bird  population 
is  no  greater,  on  the  average,  now  than  it  was  ten  years  ago.  Year  by 
year  it  may  fluctuate  a  little  according  as  the  winters  are  more  or  less 
severe,  or  from  other  causes,  but  on  the  whole  there  is  no  increase. 
What,  then,  becomes  of  the  enormous  surplus  population  annually 
produced  ?  It  is  evident  they  must  all  die  or  be  killed,  somehow ;  and 
as  the  increase  is,  on  the  average,  about  five  to  one,  it  follows  that,  if 
the  average  number  of  birds  of  all  kinds  in  our  island  is  taken  at  ten 
millions — and  this  is  probably  far  under  the  mark — then  about  fifty 
millions  of  birds,  including  eggs  as  possible  birds,  must  annually  die 
or  be  destroyed.  Yet  we  see  nothing,  or  almost  nothing,  of  this 
tremendous  slaughter  of  the  innocents  going  on  all  around  us.  In 
severe  winters  a  few  birds  are  found  dead,  and  a  few  feathers  or 
mangled  remains  show  us  where  a  wood-pigeon  or  some  other  bird 
has  been  destroyed  by  a  hawk,  but  no  one  would  imagine  that  five 
times  as  many  birds  as  the  total  number  in  the  country  in  early  spring 
die  every  year.  No  doubt  a  considerable  proportion  of  these  do  not 
die  here  but  during  or  after  migration  to  other  countries,  but  others 
which  are  bred  in  distant  countries  come  here,  and  thus  balance  the 
account.  Again,  as  the  average  number  of  young  produced  is  four  or 
five  times  that  of  the  parents,  we  ought  to  have  at  least  five  times 
as  many  birds  in  the  country  at  the  end  of  the  summer  as  at  the 
beginning,  and  there  is  certainly  no  such  enormous  disproportion  as 
this.  The  fact  is,  that  the  destruction  commences,  and  is  probably 
most  severe,  with  nestling  birds,  which  are  often  killed  by  heavy  rains 
or  blown  away  by  severe  storms,  or  left  to  die  of  hunger  if  either  of 
the  parents  is  killed ;  while  they  offer  a  defenseless  prey  to  jackdaws, 
jays,  and  magpies,  and  not  a  few  are  ejected  from  their  nests  by  their 
foster-brothers  the  cuckoos.  As  soon  as  they  are  fledged  and  begin 
to  leave  the  nest  great  numbers  are  destroyed  by  buzzards,  sparrow- 
hawks,  and  shrikes.  Of  those  which  migrate  in  autumn  a  considerable 
proportion  are  probably  lost  at  sea  or  otherwise  destroyed  before  they 
reach  a  place  of  safety ;  while  those  which  remain  with  us  are  greatly 
thinned  by  cold  and  starvation  during  severe  winters.  Exactly  the 
same  thing  goes  on  with  every  species  of  wild  animal  and  plant  from 
the  lowest  to  the  highest.  All  breed  at  such  a  rate,  that  in  a  few  years 
the  progeny  of  any  one  species  would,  if  allowed  to  increase  unchecked, 
alone  monopolize  the  land ;  but  all  alike  are  kept  within  bounds  by 
various  destructive  agencies,  so  that,  though  the  numbers  of  each  may 
fluctuate,  they  can  never  permanently  increase  except  at  the  expense  of 
some  others,  which  must  proportionately  decrease. 

Cases   showing  the  Great  Powers   of  Increase   of  Animals. 

As  the  facts  now  stated  are  the  very  foundation  of  the  theory  we 
are  considering,  and  the  enormous  increase  and  perpetual  destruction 
continually  going  on  require  to  be  kept  ever  present  in  the  mind,  some 
direct  evidence  of  actual  cases  of  increase  must  be  adduced.  That 
even  the  larger  animals,  which  breed  comparatively  slowly,  increase 
enormously  when  placed  under  favorable  conditions  in  new  countries, 
is  shown  by  the  rapid  spread  of  cattle  and  horses  in  America.  Colum- 
bus, in  his  second  voyage,  left  a  few  black  cattle  at  St.  Domingo,  and 
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these  ran  wild  and  increased  so  much  that,  twenty-seven  years  after- 
wards, herds  of  from  4,000  to  8,000  head  were  not  uncommon.  Cattle 
were  afterwards  taken  from  this  island  to  Mexico  and  to  other  parts 
of  America,  and  in  1587,  sixty-five  years  after  the  conquest  of  Mexico, 
the  Spaniards  exported  64,350  hides  from  that  country  and  35,444 
from  St.  Domingo,  an  indication  of  the  vast  numbers  of  these  animals 
which  must  then  have  existed  there,  since  those  captured  and  killed 
could  only  have  been  a  small  portion  of  the  whole.  In  the  pampas  of 
Buenos  Ayres  there  were,  at  the  end  of  the  last  century,  about  twelve 
million  cows  and  three  million  horses,  besides  great  numbers  in  all 
other  parts  of  America  where  open  pastures  offered  suitable  conditions. 
Asses,  about  fifty  years  after  their  introduction,  ran  wild  and  multi- 
plied so  amazingly  in  Quito,  that  the  Spanish  traveler  Ulloa  describes 
them  as  being  a  nuisance.  They  grazed  together  in  great  herds,  de- 
fending themselves  with  their  mouths,  and  if  a  horse  strayed  among 
them  they  all  fell  upon  him  and  did  not  cease  biting  and  kicking  till 
they  left  him  dead.  Hogs  were  turned  out  in  St.  Domingo  by  Colum- 
bus in  1493,  and  the  Spaniards  took  them  to  other  places  where  they 
settled,  the  result  being  that  in  about  half  a  century  these  animals 
were  found  in  great  numbers  over  a  large  part  of  America,  from  25° 
north  to  40°  south  latitude.  More  recently,  in  New  Zealand,  pigs  have 
multiplied  so  greatly  in  a  wild  state  as  to  be  a  serious  nuisance  and 
injury  to  agriculture.  To  give  some  idea  of  their  numbers,  it  is  stated 
that  in  the  province  of  Nelson  there  were  killed  in  twenty  months 
25,000  wild  pigs.*  Now,  in  the  case  of  all  these  animals,  we  know 
that  in  their  native  countries,  and  even  in  America  at  the  present  time, 
they  do  not  increase  at  all  in  numbers ;  therefore  the  whole  normal 
increase  must  be  kept  down,  year  by  year,  by  natural  or  artificial 
means  of  destruction. 

Rapid  Increase  and  Wide  Spread  of  Plants. 

In  the  case  of  plants,  the  power  of  increase  is  even  greater  and  its 
effects  more  distinctly  visible.  Hundreds  of  square  miles  of  the  plains 
of  La  Plata  are  now  covered  with  two  or  three  species  of  European 
thistle,  often  to  the  exclusion  of  almost  every  other  plant ;  but  in  the 
native  countries  of  these  thistles  they  occupy,  except  in  cultivated  or 
waste  ground,  a  very  subordinate  part  in  the  vegetation.  Some 
American  plants,  like  the  cotton-weed  (Asclepias  curassavica),  have 
now  become  common  weeds  over  a  large  portion  of  the  tropics.  White 
clover  ( Trifolium  repens)  spreads  over  all  the  temperate  regions  of  the 
world,  and  in  New  Zealand  is  exterminating  many  native  species,  in- 
cluding even  the  native  flax  (Phormium  tenax),  a  large  plant  with  iris- 
like  leaves  5  or  6  feet  high.  Mr.  W.  L.  Travers  has  paid  much  atten- 
tion to  the  effects  of  introduced  plants  in  New  Zealand,  and  notes  the 
following  species  as  being  especially  remarkable.  The  common  knot- 
grass (Polygonum  aviculare)  grows  most  luxuriantly,  single  plants 
covering  a  space  4  or  5  feet  in  diameter,  and  sending  their  roots  3  or 
4  feet  deep.  A  large  sub-aquatic  dock  (Rumex  obtusifolius)  abounds 

*  Still  more  remarkable  is  the  increase  of  rabbits  both  in  New  Zealand  and 
Australia.  No  less  than  seven  million  of  rabbit-skins  have  been  exported  from 
the  former  country  in  a  single  year,  their  value  being  £67,000.  In  both  coun- 
tries, sheep-runs  have  been  greatly  deteriorated  in  value  by  the  abundance 
of  rabbits,  which  destroy  the  herbage ;  and  in  some  cases  they  have  had  to  be 
abandoned  altogether. 
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in  every  river-bed,  even  far  up  among  the  mountains.  The  common 
sow-thistle  (Sonchus  oleraceus)  grows  all  over  the  country  up  to  an 
elevation  of  6,000  feet.  The  water-cress  (Nasturtium  officinale)  grows 
with  amazing  vigor  in  many  of  the  rivers,  forming  stems  12  feet  long 
and  |  inch  in  diameter,  and  completely  choking  them  up.  It  cost 
£300  a  year  to  keep  the  Avon  at  Christchurch  free  from  it.  The 
sorrel  (Rumex  acetosella)  covers  hundreds  of  acres  with  a  sheet  of 
red.  It  forms  a  dense  mat,  exterminating  other  plants,  and  prevent- 
ing cultivation.  It.  can,  however,  be  itself  exterminated  by  sowing  the 
ground  with  red  clover,  which  will  also  vanquish  the  Polygonum 
aviculare.  The  most  noxious  weed  hi  New  Zealand  appears,  however, 
to  be  the  Hypochhceris  radicata,  a  coarse  yellow-flowered  composite 
not  uncommon  in  our  meadows  and  waste  places.  This  has  been  intro- 
duced with  grass-seeds  from  England,  and  is  very  destructive.  It  is 
stated  that  excellent  pasture  was  in  three  years  destroyed  by  the 
weed,  which  absolutely  displaced  every  other  plant  on  the  ground. 
It  grows  in  every  kind  of  soil,  and  is  said  even  to  drive  out  the  white 
clover,  which  is  usually  so  powerful  in  taking  possession  of  the  soil. 

In  Australia  another  composite  plant,  called  there  the  Capeweed 
(Cryptostemma  calendulaceum),  did  much  damage,  and  was  noticed 
by  Baron  Von  Hugel  in  1833  as  "  an  unexterminable  weed  " ;  but, 
after  forty  years'  occupation,  it  was  found  to  give  way  to  the  dense 
herbage  formed  by  lucerne  and  choice  grasses. 

In  Ceylon  we  are  told  by  Mr.  Thwaites,  in  his  Enumeration  of 
Ceylon  Plants,  that  a  plant  introduced  into  the  island  less  than  fifty 
years  ago  is  helping  to  alter  the  character  of  the  vegetation  up  to  an 
elevation  of  3,000  feet.  This  is  the  Lantana  mixta,  a  verbenaceous 
plant  introduced  from  the  West  Indies,  which  appears  to  have  found  in 
Ceylon  a  soil  and  climate  exactly  suited  to  it.  It  now  covers  thousands 
of  acres  with  its  dense  masses  of  foliage,  taking  complete  possession 
of  land  where  cultivation  has  been  neglected  or  abandoned,  preventing 
the  growth  of  any  other  plants,  and  even  destroying  small  trees,  the 
tops  of  which  its  subscandent  stems  are  able  to  reach.  The  fruit  of 
this  plant  is  so  acceptable  to  frugivorous  birds  of  all  kinds  that, 
through  their  instrumentality,  it  is  spreading  rapidly,  to  the  complete 
exclusion  of  the  indigenous  vegetation  where  it  becomes  established. 

Gh-eat  Fertility  not  essential  to  Rapid  Increase. 

The  not  uncommon  circumstance  of  slow-breeding  animals  being 
very  numerous,  shows  that  it  is  usually  the  amount  of  destruction 
which  an  animal  or  plant  is  exposed  to,  not  its  rapid  multiplication, 
that  determines  its  numbers  in  any  country.  The  passenger-pigeon 
(Ectopistes  migratorius}  is,  or  rather  was,  excessively  abundant  in  a 
certain  area  in  North  America,  and  its  enormous  migrating  flocks 
darkening  the  sky  for  hours  have  often  been  described ;  yet  this  bird 
lays  only  two  eggs.  The  fulmar  petrel  is  supposed  to  be  one  of  the 
most  numerous  birds  in  the  world,  yet  it  lays  only  one  egg.  On  the 
other  hand  the  great  shrike,  the  tree-creeper,  the  nuthatch,  the  nut- 
cracker, the  hoopoe,  and  many  other  birds,  lay  from  four  to  six  or 
seven  eggs,  and  yet  are  never  abundant.  So  in  plants,  the  abundance 
of  a  species  bears  little  or  no  relation  to  its  seed-producing  power. 
Some  of  the  grasses  and  sedges,  the  wild  hyacinth,  and  many  butter- 
cups occur  in  immense  profusion  over  extensive  areas,  although  each 
plant  produces  comparatively  few  seeds  ;  while  several  species  of  bell- 
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flowers,  gentians,  pinks,  and  mulleins,  and  even  some  of  the  composite, 
which  produces  an  abundance  of  minute  seeds,  many  of  which  are 
easily  scattered  by  the  wind,  are  yet  rare  species  that  never  spread 
beyond  a  very  limited  area. 

The  above-mentioned  passenger-pigeon  affords  such  an  excellent 
example  of  an  enormous  bird-population  kept  up  by  a  comparatively 
slow  rate  of  increase,  and  in  spite  of  its  complete  helplessness  and  the 
great  destruction  which  it  suffers  from  its  numerous  enemies,  that  the 
following  account  of  one  of  its  breeding-places  and  migrations  by  the 
celebrated  American  naturalist,  Alexander  Wilson,  will  be  read  with 
interest : — 

"Not  far  from  Shelbyville,  in  the  State  of  Kentucky,  about  five 
years  ago,  there  was  one  of  these  breeding-places,  which  stretched 
through  the  woods  in  nearly  a  north  and  south  direction,  was  several 
miles  in  breadth,  and  was  said  to  be  upwards  of  40  miles  in  extent. 
In  this  tract  almost  every  tree  was  furnished  with  nests  wherever  the 
branches  could  accommodate  them.  The  pigeons  made  their  first 
appearance  there  about  the  10th  of  April,  and  left  it  altogether  with 
their  young  before  the  25th  of  May.  As  soon  as  the  young  were  fully 
grown  and  before  they  left  the  nests,  numerous  parties  of  the  in- 
habitants from  all  parts  of  the  adjacent  country  came  with  wagons, 
axes,  beds,  cooking  utensils,  many  of  them  accompanied  by  the  greater 
part  of  their  families,  and  encamped  for  several  days  at  this  immense 
nursery.  Several  of  them  informed  me  that  the  noise  was  so  great  as 
to  terrify  then*  horses,  and  that  it  was  difficult  for  one  person  to  hear 
another  without  bawling  in  his  ear.  The  ground  was  strewed  with 
broken  limbs  of  trees,  eggs,  and  young  squab-pigeons,  which  had  been 
precipitated  from  above,  and  on  which  herds  of  hogs  were  fattening. 
Hawks,  buzzards,  and  eagles  were  sailing  about  in  great  numbers,  and 
seizing  the  squabs  from  the  nests  at  pleasure ;  while,  from  20  feet 
upwards  to  the  top  of  the  trees,  the  view  through  the  woods  presented 
a  perpetual  tumult  of  crowding  and  fluttering  multitudes  of  pigeons, 
their  wings  roaring  like  thunder,  mingled  with  the  frequent  crash  of 
falling  timber ;  for  now  the  axemen  are  at  work  cutting  down  those 
trees  that  seemed  most  crowded  with  nests,  and  contrived  to  fell  them 
in  such  a  manner  that  in  their  descent  they  might  bring  down  several 
others ;  by  which  means  the  falling  of  one  large  tree  sometimes  pro- 
duced 200  squabs  little  inferior  in  size  to  the  old  birds,  and  almost 
one  heap  of  fat.  On  some  single  trees  upwards  of  a  hundred  nests 
were  found,  each  containing  one  squab  only;  a  circumstance  hi  the 
history  of  the  bird  not  generally  known  to  naturalists.*  It  was  dan- 
gerous to  walk  under  these  flying  and  fluttering  millions,  from  the 
frequent  fall  of  large  branches,  broken  down  by  the  weight  of  the 
multitudes  above,  and  which  in  their  descent  often  destroyed  numbers 
of  the  birds  themselves ;  while  the  clothes  of  those  engaged  hi 
traversing  the  woods  were  completely  covered  with  the  excrements  of 
the  pigeons. 

"  These  circumstances  were  related  to  me  by  many  of  the  most 
respectable  part  of  the  community  in  that  quarter,  and  were  confirmed 
in  part  by  what  I  myself  witnessed.  I  passed  for  several  miles 
through  this  same  breeding-place,  where  every  tree  was  spotted  with 

*  Later  observers  have  proved  that  two  eggs  are  laid  and  usually  two  young 
produced,  but  it  may  be  that  in  most  cases  only  one  of  these  comes  to  maturity. 
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nests,  the  remains  of  those  above  described.  In  many  instances  I 
counted  upwards  of  ninety  nests  on  a  single  tree ;  but  the  pigeons 
had  abandoned  this  place  for  another,  60  or  80  miles  off,  towards 
Green  River,  where  they  were  said  at  that  time  to  be  equally  numerous. 
From  the  great  numbers  that  were  constantly  passing  over  our  heads 
to  or  from  that  quarter,  I  had  no  doubt  of  the  truth  of  this  statement. 
The  mast  had  been  chiefly  consumed  in  Kentucky ;  and  the  pigeons, 
every  morning  a  little  before  sunrise,  set  out  for  the  Indiana  territory, 
the  nearest  part  of  which  was  about  sixty  miles  distant.  Many  of 
these  returned  before  10  o'clock,  and  the  great  body  generally  ap- 
peared on  their  return  a  little  after  noon.  I  had  left  the  public  road 
to  visit  the  remains  of  the  breeding-place  near  Shelbyville,  and  was 
traversing  the  woods  with  my  gun,  on  my  way  to  Frankfort,  when 
about  ten  o'clock  the  pigeons  which  I  had  observed  flying  the  greater 
part  of  the  morning  northerly,  began  to  return  in  such  immense  num- 
bers as  I  never  before  had  witnessed.  Coming  to  an  opening  by  the 
side  of  a  creek,  where  I  had  a  more  uninterrupted  view,  I  was  as- 
tonished at  their  appearance  :  they  were  flying  with  great  steadiness 
and  rapidity,  at  a  height  beyond  gunshot,  in  several  strata  deep,  and 
so  close  together  that,  could  shot  have  reached  them,  one  discharge 
could  not  have  failed  to  bring  down  several  individuals.  From  right 
to  left,  as  far  as  the  eye  could  reach,  the  breadth  of  this  vast  proces- 
sion extended,  seeming  everywhere  equally  crowded.  Curious  to 
determine  how  long  this  appearance  would  continue,  I  took  out  my 
watch  to  note  the  time,  and  sat  down  to  observe  them.  It  was  then 
half-past  one ;  I  sat  for  more  than  an  hour,  but  instead  of  a  diminu- 
tion of  this  prodigious  procession,  it  seemed  rather  to  increase,  both 
in  numbers  and  rapidity ;  and  anxious  to  reach  Frankfort  before  night, 
I  rose  and  went  on.  About  four  o'clock  in  the  afternoon  I  crossed 
Kentucky  River,  at  the  town  of  Frankfort,  at  which  time  the  living 
torrent  above  my  head  seemed  as  numerous  and  as  extensive  as  ever. 
Long  after  this  I  observed  them  in  large  bodies  that  continued  to  pass 
for  six  or  eight  minutes,  and  these  again  were  followed  by  other  de- 
tached bodies,  all  moving  in  the  same  southeast  direction,  till  after 
six  o'clock  in  the  evening.  The  great  breadth  of  front  which  this 
mighty  multitude  preserved  would  seem  to  intimate  a  corresponding 
breadth  of  their  breeding-place,  which,  by  several  gentlemen  who  had 
lately  passed  through  part  of  it,  was  stated  to  me  at  several  miles." 

From  these  various  observations,  Wilson  calculated  that  the  num- 
ber of  birds  contained  in  the  mass  of  pigeons  which  he  saw  on  this 
occasion  was  at  least  two  thousand  millions,  while  this  was  only  one 
of  many  similar  aggregations  known  to  exist  in  various  parts  of  the 
United  States.  The  picture  here  given  of  these  defenseless  birds,  and 
their  still  more  defenseless  young,  exposed  to  the  attacks  of  numerous 
rapacious  enemies,  brings  vividly  before  us  one  of  the  phases  of  the 
unceasing  struggle  for  existence  ever  going  on ;  but  when  we  consider 
the  slow  rate  of  increase  of  these  birds,  and  the  enormous  population 
they  are  nevertheless  able  to  maintain,  we  must  be  convinced  that  in 
the  case  of  the  majority  of  birds  which  multiply  far  more  rapidly,  and 
yet  are  never  able  to  attain  such  numbers,  the  struggle  against  their 
numerous  enemies  and  against  the  adverse  forces  of  Nature  must  be 
even  more  severe  or  more  continuous. 
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Struggle  for  Life  between  closely  allied  Animals  and  Plants 
often  the  most  severe. 

The  struggle  we  have  hitherto  been  considering  has  been  mainly 
that  between  an  animal  or  plant  and  its  direct  enemies,  whether  these 
enemies  are  other  anim  Us  which  devour  it,  or  the  forces  of  Nature 
which  destroy  it.  But  there  is  another  kind  of  struggle  often  going 
on  at  the  same  time  between  closely  related  species,  which  almost 
always  terminates  in  the  destruction  of  one  of  them.  As  an  example 
of  what  is  meant,  the  missel-thrush  has  increased  in  numbers  in  Scot- 
land during  the  last  thirty  years,  and  this  lias  caused  a  decrease  in 
the  numbers  of  the  closely  allied  song-thrush  in  the  same  country. 
The  black  rat  (Mus  rattus)  was  the  common  rat  of  Europe  till,  in  the 
beginning  of  the  eighteenth  century,  the  large  brown  rat  ( Mus  decu- 
manus)  appeared  on  the  lower  Volga,  and  thence  spread  more  or  less 
rapidly  till  it  overran  all  Europe,  and  generally  drove  out  the  black 
rat,  which  in  most  parts  is  now  comparatively  rare  or  quite  extinct. 
This  invading  rat  has  now  been  carried  by  commerce  all  over  the 
world,  and  in  New  Zealand  has  completely  extirpated  a  native  rat 
which  the  Maoris  allege  they  brought  with  them  from  their  home  in 
the  Pacific ;  and  in  the  same  country  a  native  fly  is  being  supplanted 
by  the  European  house-fly.  In  Russia  the  small  Asiatic  cockroach  has 
driven  away  a  larger  native  species ;  and  in  Australia  the  imported 
hive-bee  is  exterminating  the  small  stingless  native  bee. 

The  reason  why  this  kind  of  struggle  goes  on  is  apparent  if  we 
consider  that  the  allied  species  fill  nearly  the  same  place  in  the  econ- 
omy of  Nature.  They  require  nearly  the  same  kind  of  food,  are 
exposed  to  the  same  enemies  and  the  same  dangers.  Hence,  if  one 
has  ever  so  slight  an  advantage  over  the  other  in  procuring  food  or 
in  avoiding  dangers,  in  its  rapidity  of  multiplication  or  its  tenacity  of 
life,  it  will  increase  more  rapidly,  and  by  that  very  fact  will  cause  the 
other  to  decrease  and  often  become  altogether  extinct.  In  some 
cases,  no  doubt,  there  is  actual  war  between  the  two,  the  stronger 
killing  the  weaker;  but  this  is  by  no  means  necessary,  and  there  may 
be  cases  in  which  the  weaker  species,  physically,  may  prevail,  by  its 
power  of  more  rapid  multiplication,  its  better  withstanding  vicissi- 
tudes of  climates,  or  its  greater  cunning  in  escaping  the  attacks  of 
the  common  enemies.  The  same  principle  is  seen  at  work  in  the  fact 
that  certain  mountain  varieties  of  sheep  will  starve  out  other  mount- 
ain varieties,  so  that  the  two  can  not  be  kept  together.  In  plants 
the  same  thing  occurs.  If  several  distinct  varieties  of  wheat  are  sown 
together,  and  the  mixed  seed  resown,  some  of  the  varieties  which  best 
suit  the  soil  and  climate,  or  are  naturally  the  most  fertile,  will  beat 
the  others  and  so  yield  more  seed,  and  will  consequently  in  a  few 
years  supplant  the  other  varieties. 

As  an  effect  of  this  principle,  we  seldom  find  closely  allied  species 
of  animals  or  plants  living  together,  but  often  in  distinct  though 
adjacent  districts  where  the  conditions  of  life  are  somewhat  different. 
Thus  we  may  find  cowslips  (Primula  veris)  growing  in  a  meadow, 
and  primroses  (P.  vulgaris)  in  an  adjoining  wood,  each  in  abundance, 
but  not  often  intermingled.  And  for  the  same  reason  the  old  turf  of 
a  pasture  or  heath  consists  of  a  great  variety  of  plants  matted  together, 
so  much  so  that  in  a  patch  little  more  than  a  yard  square  Mr.  Darwin 
found  twenty  distinct  species,  belonging  to  eighteen  distinct  genera 
and  to  eight  natural  orders,  thus  showing  their  extreme  diversity  of 
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organization.  For  the  same  reason  a  number  of  distinct  grasses  and 
clovers  are  sown  in  order  to  make  a  good  lawn  instead  of  any  one 
species;  and  the  quantity  of  hay  produced  has  been  found  to  be 
greater  from  a  variety  of  very  distinct  grasses  than  from  any  one 
species  of  grass. 

It  may  be  thought  that  forests  are  an  exception  to  this  rule,  since 
in  the  north-temperate  and  arctic  regions  we  find  extensive  forests  of 
pines  or  of  oaks.  But  these  are,  after  all,  exceptional,  and  character- 
ize those  regions  only  where  the  climate  is  little  favorable  to  forest 
vegetation.  In  the  tropical  and  all  the  warm  temperate  parts  of  the 
earth,  where  there  is  a  sufficient  supply  of  moisture,  the  forests  pre- 
sent the  same  variety  of  species  as  does  the  turf  of  our  old  pastures  ; 
and  in  the  equatorial  virgin  forests  there  is  so  great  a  variety  of  forms, 
and  they  are  so  thoroughly  intermingled,  that  the  traveler  often  finds 
it  difficult  to  discover  a  second  specimen  of  any  particular  species 
which  he  has  noticed.  Even  the  forests  of  the  temperate  zones,  in  all 
favorable  situations,  exhibit  a  considerable  variety  of  trees  of  distinct 
genera  and  families,  and  it  is  only  when  we  approach  the  outskirts  of 
forest  vegetation,  where  either  drought  or  winds  or  the  severity  of  the 
winter  is  adverse  to  the  existence  of  most  trees,  that  we  find  extensive 
tracts  monopolized  by  one  or  two  species.  Canada  has  more  than 
sixty  different  forest  trees,  and  the  Eastern  United  States  a  hundred 
and  fifty ;  Europe  is  rather  poor,  containing  about  eighty  trees  only ; 
while  the  forests  of  Eastern  Asia,  Japan,  and  Manchuria  are  exceed- 
ingly rich,  about  a  hundred  and  seventy  species  being  already  known. 
And  in  all  these  countries  the  trees  grow  intermingled,  so  that  in 
every  extensive  forest  we  have  a  considerable  variety,  as  may  be  seen 
in  the  few  remnants  of  our  primitive  woods  in  some  parts  of  Epping 
Forest  and  the  New  Forest. 

Among  animals  the  same  law  prevails,  but,  owing  to  their  constant 
movements  and  power  of  concealment,  it  is  not  so  readily  observed. 
As  illustrations  we  may  refer  to  the  wolf,  ranging  over  Europe  and 
Northern  Asia,  while  the  jackal  inhabits  Southern  Asia  and  Northern 
Africa ;  the  tree-porcupines,  of  which  there  are  two  closely  allied 
species,  one  inhabiting  the  eastern,  the  other  the  western  half  of  North 
America ;  the  common  hare  (Lepus  timidua)  in  Central  and  Southern 
Europe,  while  all  Northern  Europe  is  inhabited  by  the  variable  hare 
(Lepus  variabilis);  the  common  jay  ( Garrulus  glandarius)  inhabiting 
all  Europe,  while  another  species  (Garrulus  Brandti)  is  found  all 
across  Asia  from  the  Urals  to  Japan ;  and  many  species  of  birds  in  the 
Eastern  United  States  are  replaced  by  closely  allied  species  in  the 
west.  Of  course  there  are  also  numbers  of  closely  related  species  in 
the  same  country,  but  it  will  almost  always  be  found  that  they  fre- 
quent different  stations  and  have  somewhat  different  habits,  and  so  do 
not  come  into  direct  competition  with  each  other;  just  as  closely 
allied  plants  may  inhabit  the  same  districts,  when  one  prefers  meadows 
the  other  woods,  one  a  chalky  soil  the  other  sand,  one  a  damp  situa- 
tion the  other  a  dry  one.  With  plants,  fixed  as  they  are  to  the  earth, 
we  easily  note  these  peculiarities  of  station;  but  with  wild  animals, 
which  we  see  only  on  rare  occasions,  it  requires  close  and  long-con- 
tinued observation  to  detect  the  peculiarities  in  their  mode  of  life 
which  may  prevent  all  direct  competition  between  closely  allied  species 
dwelling  in  the  same  area. 
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The  JSthical  Aspect  of  the  Struggle  for  Existence. 

Our  exposition  of  the  phenomena  presented  by  the  struggle  for 
existence  may  be  fitly  concluded  by  a  few  remarks  on  its  ethical 
aspect.  Now  that  the  war  of  Nature  is  better  known,  it  has  been 
dwelt  upon  by  many  writers  as  presenting  so  vast  an  amount  of  cruelty 
and  pain  as  to  be  revolting  to  our  instincts  of  humanity,  while  it  has 
proved  a  stumbling-block  in  the  way  of  those  who  would  fain  believe 
in  an  all-wise  and  benevolent  ruler  of  the  universe.  Thus,  a  brilliant 
writer  says:  "Pain,  grief,  disease,  and  death,  are  these  the  inventions 
of  a  loving  God?  That  no  animal  shall  rise  to  excellence,  except  by 
being  fatal  to  the  life  of  others,  is  this  the  law  of  a  kind  Creator?  It 
is  useless  to  say  that  pain  has  its  benevolence,  that  massacre  has  its 
mercy.  Why  is  it  so  ordained  that  bad  should  be  the  raw  material  of 
good?  Pain  is  not  the  less  pain  because  it  is  useful;  murder  is  not 
less  murder  because  it  is  conducive  to  development.  Here  is  blood 
upon  the  hand  still,  and  all  the  perfumes  of  Arabia  will  not  sweeten 
it"* 

Even  so  thoughtful  a  writer  as  Professor  Huxley  adopts  similar 
views.  In  a  recent  article  on  "  The  Struggle  for  Existence  "  he  spt:  aks 
of  the  myriads  of  generations  of  herbivorous  animals  which  "i.  we 
been  tormented  and  devoured  by  carnivores";  of  the  carnivores  and 
herbivores  alike  "subject  to  all  the  miseries  incidental  to  old  age, 
disease,  and  over-multiplication";  and  of  the  "more  or  less  enduring 
suffering"  which  is  the  meed  of  both  vanquished  and  victor.  And  he 
concludes  that,  since  thousands  of  times  a  minute,  were  our  ears  sharp 
enough,  we  should  hear  sighs  and  groans  of  pain  like  those  heard  by 
Dante  at  the  gate  of  hell,  the  world  can  not  be  governed  by  what  we 
call  benevolence."! 

Now  there  is,  I  think,  good  reason  to  believe  that  all  this  is  greatly 
exaggerated ;  that  the  supposed  "  torments "  and  "  miseries  "  of  ani- 
mals have  little  real  existence,  but  are  the  reflection  of  the  imagined 
sensations  of  cultivated  men  and  women  in  similar  circumstances ; 
and  that  the  amount  of  actual  suffering  caused  by  the  struggle  for 
existence  among  animals  is  altogether  insignificant.  Let  us,  therefore, 
endeavor  to  ascertain  what  are  the  real  facts  on  which  these  tremendous 
accusations  are  founded. 

In  the  first  place,  we  must  remember  that  the  animals  are  entirely 
spared  the  pain  we  suffer  in  the  anticipation  of  death — a  pain  far 
greater,  in  most  cases,  than  the  reality.  This  leads,  probably,  to  an 
almost  perpetual  enjoyment  of  theu*  lives ;  since  their  constant  watch- 
fulness against  danger,  and  even  their  actual  flight  from  an  enemy, 
will  be  the  enjoyable  exercise  of  the  powers  and  faculties  they  possess, 
unmixed  with  any  serious  dread.  There  is,  in  the  next  place,  much 
evidence  to  show  that  violent  deaths,  if  not  too  prolonged,  are  painless 
and  easy;  even  in  the  case  of  man,  whose  nervous  system  is  in  all 
probability  much  more  susceptible  to  pain  than  those  of  most  animals. 
In  all  cases  in  which  persons  have  escaped  after  being  seized  by  a  lion 
or  tiger,  they  declare  that  they  suffered  little  or  no  pain,  physical  or 
mental.  A  well-known  instance  is  that  of  Livingstone,  who  thus 
describes  his  sensations  when  seized  by  a  lion :  ".  Starting  and  looking 

*  Winwood  Reade's  Martyrdom  of  Man,  p.  520. 

Century,  February,  1888,  pp.  162,  163. 
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half  round,  I  saw  the  lion  just  in  the  act  of  springing  on  me.  I  was-. 
upon  a  little  height ;  he  caught  my  shoulder  as  he  sprang,  and  we 
both  came  to  the  ground  below  together.  Growling  horribly  close  to 
my  ear,  he  shook  me  «,&  a  terrier-dog  does  a  rat.  The  shock  produced 
a  stupor  similar  to  that  which  seems  to  be  felt  by  a  mouse  after  the 
first  shake  of  the  cat.  It  causes  a  sort  of  dreaminess,  in  which  there 
was  no  sense  of  pain  or  feeling  of  terror,  though  I  was  quite  con- 
scious of  all  that  was  happening.  It  was  like  what  patients  partially 
under  the  influence  of  chloroform  describe,  who  see  all  the  operation, 
but  feel  not  the  knife.  This  singular  condition  was  not  the  result  of 
any  mental  process.  The  shake  annihilated  fear,  and  allowed  no  sense 
of  horror  in  looking  round  at  the  beast." 

This  absence  ol  pain  is  not  peculiar  to  those  seized  by  wild  beasts, 
but  is  equally  produced  by  any  accident  which  causes  a  general  shock 
to  the  system.  Mr.  Wymper  describes  an  accident  to  himself  during 
one  of  his  preliminary  explorations  of  the  Matterhorn,  when  he  fell 
several  hundred  feet,  bounding  from  rock  to  rock,  till  fortunately 
embedded  in  a  snow-drift  near  the  edge  of  a  tremendous  precipice. 
He  declares  that  while  falling  and  feeling  blow  after  blow,  he  neither 
lost  consciousness  nor  suffered  pain,  merely  thinking,  calmly,  that  a 
few  more  blows  would  finish  him.  We  have  therefore  a  right  to  con- 
clude that  when  death  follows  soon  after  any  great  shock  it  is  as  easy 
and  painless  a  death  as  possible ;  and  this  is  certainly  what  happens 
when  an  animal  is  seized  by  a  beast  of  prey.  For  the  enemy  is  one 
which  hunts  for  food,  not  for  pleasure  "or  excitement ;  and  it  is  doubtful 
whether  any  carnivorous  animal  in  a  state  of  Nature  begins  to  seek 
after  prey  till  driven  to  do  so  by  hunger.  When  an  animal  is  caught, 
therefore,  it  is  very  soon  devoured,  and  thus  the  first  shock  is  followed 
by  an  almost  painless  death.  Neither  do  those  which  die  of  cold  or 
hunger  suffer  much.  Cold  is  generally  severest  at  night,  and  has  a 
tendency  to  produce  sleep  and  painless  extinction.  Hunger,  on  the 
other  hand,  is  hardly  felt  during  periods  of  excitement,  and  when  food 
is  scarce  the  excitement  of  seeking  for  it  is  at  its  greatest.  It  is 
probable,  also,  that  when  hunger  presses,  most  animals  will  devour 
anything  to  stay  their  hunger,  and  will  die  of  gradual  exhaustion  and 
weakness  not  necessarily  painful,  if  they  do  not  fall  an  earlier  prey  to 
some  enemy  or  to  cold.* 

Now  let  us  consider  what  are  the  enjoyments  of  the  lives  of  most 
animals.  As  a  rule  they  come  into  existence  at  a  time  of  year  when 
food  is  most  plentiful  and  the  climate  most  suitable ;  that  is,  in  the 
spring  of  the  temperate  zone  and  at  the  commencement  of  the  dry 
season  in  the  tropics.  They  grow  vigorously,  being  supplied  with 
abundance  of  food ;  and  when  they  reach  maturity  their  lives  are  a 
continual  round  of  healthy  excitement  and  exercise,  alternating  with 
complete  repose.  The  daily  search  for  the  daily  food  employs  all 
their  faculties  and  exercises  every  organ  of  their  bodies,  while  this 
exercise  leads  to  the  satisfaction  of  all  their  physical  needs.  In  our 
own  case,  we  can  give  no  more  perfect  definition  of  happiness,  than 
this  exercise  and  this  satisfaction ;  and  we  must  therefore  conclude 

*  The  Kestrel,  which  usually  feeds  on  mice,  birds,  and  frogs,  sometimes 
stays  its  hunger  with  earthworms,  as  do  some  of  the  American  buzzards.  The 
Honey-buzzard  sometimes  eats  not  only  earthworms  and  slugs,  but  even  corn ; 
and  the  Buteo  borealis  of  North  America,  whose  usual  food  is  small  mammals 
and  birds,  sometimes  eats  crayfish- 
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that  animals,  as  a  rule,  enjoy  all  the  happiness  of  which  they  are 
capable.  And  this  normal  state  of  happiness  is  not  alloyed,  as  with 
us,  by  long  periods — whole  lives  often — of  poverty  or  ill-health ;  and 
of  the  unsatisfied  longings  for  pleasures  which  others  enjoy  but  to 
which  we  can  not  attain.  Illness,  and  what  answers  to  poverty  in 
animals — continued  hunger— are  quickly  followed  by  unanticipated 
and  almost  painless  extinction.  Where  we  err  is,  in  giving  to  animals 
feelings  and  emotions  which  they  do  not  possess.  To  us  the  very 
sight  of  blood  and  of  torn  or  mangled  limbs  is  painful,  while  the  idea 
of  the  suffering  implied  by  it  is  heartrending.  We  have  a  horror  of 
all  violent  and  sudden  death,  because  we  think  of  the  life  full  of  prom- 
ise cut  short,  of  hopes  and  expectations  unfulfilled,  and  of  the  grief 
of  mourning  relatives.  But  all  this  is  quite  out  of  place  in  the  case  of 
animals,  for  whom  a  violent  and  a  sudden  death  is  in  every  way  the 
best.  Thus  the  poet's  picture  of 

"Nature  red  in  tooth  and  claw 
With  ravine" 

is  a  picture  the  evil  of  which  is  read  into  it  by  our  imaginations,  the 
reality  being  made  up  of  full  and  happy  lives,  usually  terminated  by 
the  quickest  and  least  painful  of  deaths. 

On  the  whole,  then,  we  conclude  that  the  popular  idea  of  the 
struggle  for  existence  entailing  misery  and  pain  on  the  animal  world 
is  the  very  reverse  of  the  truth.  What  it  really  brings  about,  is,  the 
maximum  of  life  and  the  enjoyment  of  life  with  the  minimum  of  suf- 
fering and  pain.  Given  the  necessity  of  death  and  reproduction, — 
and  without  these  there  could  have  been  no  progressive  development 
of  the  organic  world, — and  it  is  difficult  even  to  imagine  a  system  by 
which  a  greater  balance  of  happiness  could  have  been  secured.  And 
this  view  was  evidently  that  of  Darwin  himself,  who  thus  concludes 
his  chapter  on  the  struggle  for  existence :  "  When  we  reflect  on  this 
struggle,  we  may  console  ourselves  with  the  full  belief  that  the  war  of 
Nature  is  not  incessant,  that  no  fear  is  felt,  that  death  is  generally 
prompt,  and  that  the  vigorous,  the  healthy,  and  the  happy  survive  and 
multiply." 
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CHAPTER 
THE  VARIABILITY  OP  SPECIES  IN  A  STATE  OP  NATURE. 

Importance  >*  variability.  —  Popular  ideas  regarding  it.  —  Variability  of  the 
lower  animals.  —  The  variability  of  insects.  —  Variation  among  lizards.  — 
Variation  among  birds.  —  Diagrams  of  bird-variation.  —  Number  of  varying 
indinduals.  —  Variation  in  the  mammalia.  —  Variation  in  internal  organs.  — 
Variations  in  the  skull.  —  Variations  in  the  habits  of  animals.  —  The  vari- 
ability of  plants.  —  Species  which  vary  little.  —  Concluding  remarks. 

The  foundation  of  the  Darwinian  theory  is  the  variability  of 
species,  and  it  is  quite  useless  to  attempt  even  to  understand  that 
theory,  much  less  to  appreciate  the  completeness  of  the  proof  of  it, 
unless  we  first  obtain  a  clear  conception  of  the  nature  and  extent  of 
this  variability.  The  most  frequent  and  the  most  misleading  of  the 
objections  to  the  efficacy  of  natural  selection  arise  from  ignorance  of 
this  subject,  an  ignorance  shared  by  many  naturalists,  for  it  is  only 
since  Mr.  Darwin  has  taught  us  their  importance  that  varieties  have 
been  systematically  collected  and  recorded  ;  and  even  now  very  few 
collectors  or  students  bestow  upon  them  the  attention  they  deserve. 
By  the  older  naturalists,  indeed,  varieties  —  especially  if  numerous, 
small,  and  of  frequent  occurrence  —  were  looked  upon  as  an  unmit- 
igated nuisance,  because  they  rendered  it  almost  impossible  to  give 
precise  definitions  of  species,  then  considered  the  chief  end  of  system- 
atic natural  history.  Hence  it  was  the  custom  to  describe  what  was 
supposed  to  be  the  "typical  form"  of  species,  and  most  collectors 
were  satisfied  if  they  possessed  this  typical  form  in  their  cabinets. 
Now,  however,  a  collection  is  valued  in  proportion  as  it  contains 
illustrative  specimens  of  all  the  varieties  that  occur  in  each  species, 
and  in  some  cases  these  have  been  carefully  described,  so  that,  we 
possess  a  considerable  mass  of  information  on  the  subject.  Utilizing 
this  information  we  will  now  endeavor  to  give  some  idea  of  the  nature 
and  extent  of  variation  in  the  species  of  animals  and  plants. 

It  is  very  commonly  objected  that  the  widespread  and  constant 
variability  which  is  admitted  to  be  a  characteristic  of  domesticated 
animals  and  cultivated  plants  is  largely  due  to  the  unnatural  con- 
ditions of  their  existence,  and  that  we  have  no  proof  of  any  corre- 
sponding amount  of  variation  occurring  in  a  state  of  Nature.  Wild 
animals  and  plants,  it  is  said,  are  usually  stable,  and  when  variations 
occur  these  are  alleged  to  be  small  in  amount  and  to  affect  superficial 
characters  only  ;  or  if  larger  and  more  important,  to  occur  so  rarely 
as  not  to  afford  any  aid  in  the  supposed  formation  of  new  species. 

This  objection,  as  will  be  shown,  is  utterly  unfounded;  but  as  it  is 
one  which  goes  to  the  very  root  of  the  problem,  it  is  necessary  to 
enter  at  some  length  into  the  various  proofs  of  variation  in  a  state  of 
Nature.  This  is  the  more  necessary  because  the  materials  collected 
by  Mr.  Darwin  bearing  on  this  question  have  never  been  published, 
and  comparatively  few  of  them  have  been  cited  in  The  Origin  of 
Species;  while  a  considerable  body  of  facts  has  been  made  known 
since  the  publication  of  the  last  edition  of  that  work. 
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Variability  of  the  Lower  Animals. 

Among  the  lowest  and  most  ancient  marine  organisms  are  the 
Foraminifera,  little  masses  of  living  jelly,  apparently  structureless, 
but  which  secrete  beautiful  shelly  coverings,  often  perfectly  symmet- 
rical, as  varied  in  form  as  those  of  the  mollusca  and  far  more  com- 
plicated. These  have  been  studied  with  great  care  by  many  eminent 
naturalists,  and  the  late  Dr.  W.  B.  Carpenter  in  his  great  work — the 
Introduction  to  the  Study  of  the  Foraminifera — thus  refers  to  their 
variability:  "There  is  not  a  single  species  of  plant  or  animal  of 
which  the  range  of  variation  has  been  studied  by  the  collocation  and 
comparison  of  so  large  a  number  of  specimens  as  have  passed  under 
tbe  review  of  Messrs.  Williamson,  Parker,  Rupert  Jones,  and  myself, 
in  our  studies  of  the  types  of  this  group";  and  he  states  as  the  result 
of  his  extensive  comparison  of  specimens :  "  The  range  of  variation 
is  so  great  among  the  Foraminifera  as  to  include  not  merely  those 
differential  characters  which  have  been  usually  accounted  specific,  but 
also  those  upon  which  the  greater  part  of  the  genera  of  this  group 
have  been  founded,  and  even  in  some  instances  those  of  its  orders"* 

Coming  now  to  a  higher  group — the  Sea-Anemones — Mr.  P.  H. 
Gosse  and  other  writers  on  these  creatures  often  refer  to  variations  in 
size,  in  the  thickness  and  length  of  the  tentacles,  the  form  of  the  disc 
and  of  the  mouth,  and  the  character  of  surface  of  the  column,  while 
the  color  varies  enormously  in  a  great  number  of  the  species.  Similar 
variations  occur  in  all  the  various  groups  of  marine  invertebrata,  and 
in  the  great  sub-kingdom  of  the  mollusca  they  are  especially  numerous. 
Thus,  Dr.  S.  P.  Woodward  states  that  many  present  a  most  perplexing 
amount  of  variation,  resulting  (as  he  supposes)  from  supply  of  food, 
variety  of  depth  and  of  saltness  of  the  water;  but  we  know  that  many 
variations  are  quite  independent  of  such  causes,  and  we  will  now  con- 
sider a  few  cases  among  the  land-mollusca  in  which  they  have  been 
more  carefully  studied. 

In  the  small  forest  region  of  Oahu,  one  of  the  Sandwich  Islands, 
there  have  been  found  about  175  species  of  land-shells,  represented 
by  700  or  800  varieties ;  and  we  are  told  by  the  Rev.  J.  T.  Gulick,  who 
studied  them  carefully,  that  "we  frequently  find  a  genus  represented 
in  several  successive  valleys  by  allied  species,  sometimes  feeding  on 
the  same,  sometimes  on  different  plants.  In  every  such  case  the 
valleys  that  are  nearest  to  each  other  furnish  the  most  nearly  allied 
forms;  and  a  full  set  of  the  varieties  of  each  species  presents  a 
minute  gradation  of  forms  between  the  more  divergent  types  found 
in  the  more  widely  separated  localities." 

In  most  land-shells  there  is  a  considerable  amount  of  variation  in 
color,  markings,  size,  form,  and  texture  or  striation  of  the  surface, 
even  in  specimens  collected  in  the  same  locality.  Thus,  a  French 
author  has  enumerated  no  less  tban  198  varieties  of  the  common  wood- 
snail  (Helix  nemoralis),  while  of  the  equally  common  garden-snail 
(Helix  hortensis)  ninety  varieties  have  been  described.  Fresh- water 
shells  are  also  subject  to  great  variation,  so  that  there  is  much  un- 
certainty as  to  the  number  of  species;  and  variations  are  especially 
frequent  in  the  Planorbidce,  which  exhibit  many  eccentric  deviations 
from  the  usual  form  of  the  species, — deviations  which  must  often  affect 
the  form  of  the  living  animal.  In  Mr.  Ingersoll's  Report  on  the 

*  Foraminifera,  preface,  p.  x. 
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Recent  Mollusca  of  Colorado  many  of  these  extraordinary  variations 
are  referred  to ;  and  it  is  stated  that  a  shell  (Helisonia  trivolvis),  abun- 
dant in  some  small  ponds  and  lakes,  had  scarcely  two  specimens  alike, 
and  many  of  them  closely  resembled  other  and  altogether  distinct 
species.* 

The  Variability  of  Insects. 

Among  Insects  there  is  a  large  amount  of  variation,  though  very 
few  entomologists  devote  themselves  to  its  investigation.  Our  first 
examples  will  be  taken  from  the  late  Mr.  T.  Vernon  Wollaston's  book, 
On  the  Variation  of  /Species,  and  they  must  be  considered  as  indica- 
tions of  very  widespread  though  little  noticed  phenomena,  He  speaks 
of  the  curious  little  carabideous  beetles  of  the  genus  Notiophilus  as 
being  "extremely  unstable  both  in  their  structure  and  hue";  of  the 
common  Calathus  mollis  as  having  "  the  hind  wings  at  one  time  ample, 
at  another  rudimentary,  and  at  a  third  nearly  obsolete;  and  of  the 
same  irregularity  as  to  the  wings  being  characteristic  of  many  Orthop- 
tera  and  of  the  Homopterous  Fulgoridce.  Mr.  Westwood,  in  his 
Modern  Classification  of  Insects,  states  that  "the  species  of  Gerris, 
Hydrometra,  and  Velia  are  mostly  found  perfectly  apterous,  though 
occasionally  with  full-sized  wings." 

It  is,  however,  among  the  Lepidoptera  (butterflies  and  moths)  that 
the  most  numerous  cases  of  variation  have  been  observed,  and  every 
good  collection  of  these  insects  affords  striking  examples.  I  will  first 
adduce  the  testimony  of  Mr.  Bates,  who  speaks  of  the  butterflies  of 
the  Amazon  valley  exhibiting  innumerable  local  varieties  or  races,  while 
some  species  showed  great  individual  variability.  Of  the  beautiful 
Mechanitis  folymnia  he  says  that  at  Ega,  on  the  Upper  Amazons, 
"it  varies  not  only  in  general  color  and  pattern,  but  also  very  con- 
siderably in  the  shape  of  the  wings,  especially  in  the  male  sex."  Again, 
at  St.  Paulo,  Ithomia  Orolina  exhibits  four  distinct  varieties,  all 
occurring  together,  and  these  differ  not  only  in  color  but  in  form,  one 
variety  being  described  as  having  the  fore  wings  much  elongated  in 
the  male,  while  another  is  much  larger  and  has  "  the  hind  wings  in  the 
male  different  in  shape."  Of  Heliconius  Numata  Mr.  Bates  says: 
"This  species  is  so  variable  that  it  is  difficult  to  find  two  examples 
exactly  alike,"  while  "it  varies  in  structure  as  well  as  in  colors.  The 
wings  are  sometimes  broader,  sometimes  narrower;  and  their  edges 
are  simple  in  some  examples  and  festooned  in  others."  Of  another 
species  of  the  same  genus,  H.  melpomene,  ten  distinct  varieties  are 
described  all  more  or  less  connected  by  intermediate  forms,  and  four 
of  these  varieties  were  obtained  at  one  locality — Serpa,  on  the  north 
bank  of  the  Amazon.  Ceratina  Ninonia  is  another  of  these  very 
unstable  species  exhibiting  many  local  varieties,  which  are,  however, 
incomplete  and  connected  by  intermediate  forms ;  while  the  several 
species  of  the  genus  Lycorea  all  vary  to  such  an  extent  as  almost  to 
link  them  together,  so  that  Mr.  Bates  thinks  they  might  all  fairly  be 
considered  as  varieties  of  one  species  only. 

Turning  to  the  Eastern  Hemisphere  we  have  in  Papilo  Severus  a 
species  which  exhibits  a  large  amount  of  simple  variation,  in  the 
presence  or  absence  of  a  pale  patch  on  the  upper  wings,  in  the  brown 
submarginal  marks  on  the  lower  wings,  in  the  form  and  extent  of  the 

*  United  States  Geological  Survey  of  the  Territories,  1874. 
30 


DARWINISM.  41 

yellow  band,  and  in  the  size  of  the  specimens.  The  most  extreme 
forms,  as  well  as  the  intermediate  ones,  are  often  found  in  one  locality 
ind  in  company  with  each  other.  A  small  butterfly  ( Terias  fiecabe) 
ranges  over  the  whole  of  the  Indian  and  Malayan  regions  to  Australia, 
ind  everywhere  exhibits  great  variations,  many  of  which  have  been 
described  as  distinct  species ;  but  a  gentleman  in  Australia  bred  two 
of  these  distinct  forms  ( T.  hecabe  and  T.  ^Esiope),  with  several  inter- 
mediates, from  one  batch  of  caterpillars  found  feeding  together  on  the 
same  plant.*  It  is  therefore  very  probable  that  a  considerable  number 
of  supposed  distinct  species  are  only  individual  varieties. 

Cases  of  variation  similar  to  those  now  adduced  among  butterflies 
might  be  increased  indefinitely,  but  it  is  as  well  to  note  that  such  im- 
portant characters  as  the  neuration  of  the  wings,  on  which  generic  and 
family  distinctions  are  often  established,  are  also  subject  to  variation. 
The  Rev.  R.  P.  Murray,  in  1872,  laid  before  the  Entomological  Society 
examples  of  such  variation  in  six  species  of  butterflies,  and  other  cases 
have  since  been  described.  The  larvae  of  butterflies  and  moths  are 
also  very  variable,  and  one  observer  recorded  in  the  Proceedings  of 
the  Entomological  Society  for  1870  no  less  than  sixteen  varieties  of 
the  caterpillar  of  the  bedstraw  hawk-moth  (Deilephela  galii)- 

Variation   among  Lizards. 

Passing  on  from  the  lower  animals  to  the  vertebrata,  we  find  more 
abundant  and  more  definite  evidence  as  to  the  extent  and  amount  of 
individual  variation.  I  will  first  give  a  case  among  the  Reptilia  from 
some  of  Mr.  Darwin's  unpublished  MSS.,  which  have  been  kindly  lent 
me  by  Mr.  Francis  Darwin. 

"M.  Milne  Edwards  (Annales  des  Sci.  N~at.,  1  ser.,  torn.  xvi.  p.  50) 
has  given  a  curious  table  of  measurements  of  fourteen  specimens  of 
Lacerta  muralis;  and,  taking  the  length  of  the  head  as  a  standard,  he 
finds  the  neck,  trunk,  tail,  front  and  hind  legs,  color,  and  femoral 
pores,  all  varying  wonderfully ;  and  so  it  is  more  or  less  with  other 
species.  So  apparently  trifling  a  character  as  the  scales  on  the  head 
affording  almost  the  only  constant  characters." 

As  the  table  of  measurements  above  referred  to  would  give  no  clear 
conception  of  the  nature  and  amount  of  the  variation  without  a 
laborious  study  and  comparison  of  the  figures,  I  have  endeavored  to 
find  a  method  of  presenting  the  facts  to  the  eye,  so  that  they  may  be 
easily  grasped  and  appreciated.  In  the  diagram  opposite,  the  com- 
parative variations  of  the  different  organs  of  this  species  are  given  by 
means  of  variously  bent  lines.  The  head  is  represented  by  a  straight 
line  because  it  presented  (apparently)  no  variation.  The  body  is  next 
given,  the  specimens  being  arranged  in  the  order  of  their  size  from 
No.  1,  the  smallest,  to  No.  14,  the  largest,  the  actual  lengths  being 
laid  down  from  a  base-line  at  a  suitable  distance  below,  in  this  case 
two  inches  below  the  center,  the  mean  length  of  the  body  of  the  four- 
teen specimens  being  two  inches.  The  respective  lengths  of  the  neck, 
legs,  and  toe  of  each  specimen  are  then  laid  down  in  the  same  manner 
at  convenient  distances  apart  for  comparison ;  and  we  see  that  their 
variations  bear  no  definite  relation  to  those  of  the  body,  and  not  much 
to  those  of  each  other.  With  the  exception  of  No.  5,  in  which  all  the 
parts  agree  in  being  large,  there  is  a  marked  independence  of  each 
part,  shown  by  the  lines  often  curving  in  opposite  directions;  which 

*  Proceedings  of  the  Entomological  Society  of  London,  1875,  p.  vii. 
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FIG.  1.— Variations  of  Lacerta  muralla. 
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proves  that  in  those  specimens  one  part  is  large  while  the  other  is 
small.  The  actual  amount  of  the  variation  is  very  great,  ranging  from 
one  sixth  of  the  mean  length  in  the  neck  to  considerably  more  than  a 
fourth  in  the  hind  leg,  and  this  among  only  fourteen  examples  which 
happen  to  be  in  a  particular  museum. 

To  prove  that  this  is  not  an  isolated  case,  Professor  Milne  Edwards 
also  gives  a  table  showing  the  amount  of  variation  in  the  museum 
specimens  of  six  common  species  of  lizards,  also  taking  the  head  as 
the  standard,  so  that  the  comparative  variation  of  each  part  to  the 
head  is  given.  In  the  accompanying  diagram  (Fig.  2)  the  variations 
are  exhibited  by  means  of  lines  of  varying  length.  It  will  be  under- 
stood that,  however  much  the  specimens  varied  in  size,  if  they  had 
kept  the  same  proportions,  the  variation-line  would  have  been  in  every 
case  reduced  to  a  point,  as  in  the  neck  of  L.  velox  which  exhibits  no 
variation.  The  different  proportions  of  the  variation-lines  for  each 
species  may  show  a  distinct  mode  of  variation,  or  may  be  merely  due 
to  the  small  and  differing  number  of  specimens ;  for  it  is  certain  that 
whatever  amount  of  variation  occurs  among  a  few  specimens  will  be 
greatly  increased  when  a  much  larger  number  of  specimens  are 
examined.  That  the  amount  of  variation  is  large  may  be  seen  by 
comparing  it  with  the  actual  length  of  the  head  (given  below  the 
diagram)  which  we  used  as  a  standard  in  determining  the  variation, 
but  which  itself  seems  not  to  have  varied.* 

Variation  among  Birds. 

Coming  now  to  the  class  of  Birds,  we  find  much  more  copious 
evidence  of  variation.  This  is  due  partly  to  the  fact  that  Ornithology 
has  perhaps  a  larger  body  of  devotees  than  any  other  branch  of 
natural  history  (except  entomology);  to  the  moderate  size  of  the 
majority  of  birds ;  and  to  the  circumstance  that  the  form  and  dimen- 
sions of  the  wings,  tail,  beak,  and  feet,  offer  the  best  generic  and 
specific  characters,  and  can  all  be  easily  measured  and  compared.  The 
most  systematic  observations  on  the  individual  variation  of  birds  have 
been  made  by  Mr.  J.  A.  Allen,  in  his  remarkable  memoir,  "  On  the 
Mammals  and  Winter  Birds  of  East  Florida,  with  an  examination  of 
certain  assumed  specific  characters  of  Birds,  and  a  sketch  of  the  Bird 
Faunae  of  Eastern  North  America,"  published  in  the  Bulletin  of  the 
Museum  of  Comparative  Zoology  at  Harvard  College,  Cambridge, 
Massachusetts,  in  1871.  In  this  work  exact  measurements  are  given 
of  all  the  chief  external  parts  of  a  large  number  of  species  of  common 
American  birds,  from  twenty  to  sixty  or  more  specimens  of  each 
species  being  measured,  so  that  we  are  able  to  determine  with  some 
precision  the  nature  and  extent  of  the  variation  that  usually  occurs. 
Mr.  Allen  says :  "  The  facts  of  the  case  show  that  a  variation  of  from 
15  to  20  per  cent  in  general  size,  and  an  equal  degree  of  variation  in 
the  relative  size  of  different  parts,  may  be  ordinarily  expected  among 
specimens  of  the  same  species  and  sex,  taken  at  the  same  locality, 
while  in  some  cases  the  variation  is  even  greater  than  this."  He  then 
goes  on  to  show  that  each  part  varies  to  a  considerable  extent  inde- 
pendently of  the  other  parts ;  so  that  when  the  size  varies,  the  pro- 
portions of  all  the  parts  vary,  often  to  a  much  greater  amount.  The 
wing  and  tail,  for  example,  besides  varying  in  length,  vary  in  the 
proportionate  length  of  each  feather,  and  this  causes  their  outline  to 
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*  Ann.  des  Sci.  Nat.,  torn.  xvi.  p.  50. 
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vary  considerably  in  shape.  The  bill  also  varies  in  length,  width, 
depth,  and  curvature.  The  tarsus  varies  in  length,  as  does  each  toe 
separately  and  independently;  and  all  this  not  to  a  minute  degree 
requiring  very  careful  measurement  to  detect  it  at  all,  but  to  an 
amount  easily  seen  without  any  measurement,  as  it  averages  one  sixth 
of  the  whole  length  and  often  reaches  one  fourth.  In  twelve  species 
of  common  perching  birds  the  wing  varied  (in  from  twenty-five  to 
thirty  specimens)  from  14  to  21  per  cent  of  the  mean  length,  and  the 
tail  from  13'8  to  24-4  per  cent.  The  variation  of  the  form  of  the  wing 
can  be  very  easily  tested  by  noting  which  feather  is  longest,  which  next 
in  length,  and  so  on,  the  respective  feathers  being  indicated  by  the  num- 
bers 1,  2,  3,  etc.,  commencing  with  the  outer  one.  As  an  example  of 
the  irregular  variation  constantly  met  with,  the  following  occurred 
among  twenty-five  specimens  of-Dendrceca  coronata.  Numbers  brack- 
eted imply  that  the  corresponding  feathers  were  of  equal  length.* 

RELATIVE  LENGTHS  OP  PRIMARY  WING-FEATHERS  OF  DENDRffiCA  CORONATA. 
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Here  we  have  five  very  distinct  proportionate  lengths  of  the  wing- 
feathers,  any  one  of  which  is  often  thought  sufficient  to  characterize  a 
distinct  species  of  bird ;  and  though  this  is  rather  an  extreme  case, 
Mr.  Allen  assures  us  that  "  the  comparison,  extended  in  the  table  to 
only  a  few  species,  ba*  been  carried  to  scores  of  others  with  similar 
results." 

Along  with  this  variation  in  size  and  proportions  there  occurs  a 
large  amount  of  variation  in  color  and  markings.  "  The  difference  in 
intensity  of  color  between  the  extremes  of  a  series  of  fifty  or  one 
hundred  specimens  of  any  species,  collected  at  a  single  locality,  and 
nearly  at  the  same  season  of  the  year,  is  often  as  great  as  occurs 
between  truly  distinct  species."  But  there  is  also  a  great  amount  of 
individual  variability  in  the  markings  of  the  same  species.  Birds 
having  the  plumage  varied  with  streaks  and  spots  differ  exceedingly 
in  different  individuals  of  the  same  species  in  respect  to  the  size, 
shape,  and  number  of  these  marks,  and  in  the  general  aspect  of  the 
plumage  resulting  from  such  variations.  "In  the  common  song- 
sparrow  (Melospiza  melodia),  the  fox-colored  sparrow  (Passerella 
iliaca),  the  swamp-sparrow  (Melospiza  palustris),  the  black  and  white 
creeper  (Mniotilta  varid),  the  water-wagtail  (Seiurus  novceboracencis), 
in  Turdus  fuscescens  and  its  allies,  the  difference  in  the  size  of  the 
streaks  is  often  very  considerable.  In  the  song-sparrow  they  vary  to 

*  See  Winter  Birds  of  Florida,  p.  206,  Table  F. 
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such  an  extent  that  in  some  cases  they  are  reduced  to  narrow  lines ; 
in  others  so  enlarged  as  to  cover  the  greater  part  of  the  breast  and 
sides  of  the  body,  sometimes  uniting  on  the  middle  of  the  breast  into 
a  nearly  continuous  patch." 

Mr.  Allen  then  goes  on  to  particularize  several  species  in  which 
such  variations  occur,  giving  cases  in  which  two  specimens  taken  at 
the  same  place  on  the  same  day  exhibited  the  two  extremes  of 
coloration.  Another  set  of  variations  is  thus  described :  "  The  white 
markings  so  common  on  the  wings  and  tails  of  birds,  as  the  bars 
formed  by  the  white  tips  of  the  greater  wing-covers,  the  white  patch 
occasionally  present  at  the  base  of  the  primary  quills,  or  the  white 
band  crossing  them,  and  the  white  patch  near  the  end  of  the  outer 
tail-feathers  are  also  extremely  liable  to  variation  in  respect  to  their 
extent  and  the  number  of  feathers  to  which,  in  the  same  species,  these 
markings  extend."  It  is  to  be  especially  noted  that  all  these  varieties 
are  distinct  from  those  which  depend  on  season,  on  age,  or  on  sex, 
and  that  they  are  such  as  have  in  many  other  species  been  considered 
to  be  of  specific  value.  These  variations  of  color  could  not  be  pre- 
sented to  the  eye  without  a  series  of  carefully  engraved  plates ;  but  in 
order  to  bring  Mr.  Allen's  measurements,  illustrating  variations  of 
size  and  proportion,  more  clearly  before  the  reader,  I  have  prepared 
a  series  of  diagrams  illustrating  the  more  important  facts  and  their 
bearings  on  the  Darwinian  theory. 

The  first  of  these  is  intended,  mainly,  to  show  the  actual  amount 
of  the  variation,  as  it  gives  the  true  length  of  the  wing  and  tail  in 
the  extreme  cases  among  thirty  specimens  of  each  of  three  species. 
The  shaded  portion  shows  the  minimum  length,  the  unshaded  portion 
the  additional  length  in  the  maximum.  The  point  to  be  specially 
noted  here  is,  that  in  each  of  these  common  species  there  is  about  the 
same  amount  of  variation,  and  that  it  is  so  great  as  to  be  obvious  at  a 
glance.  There  is  here  no  question  of  "minute"  or  "infinitesimal" 
variation,  which  many  people  suppose  to  be  the  only  kind  of  variation 
that  exists.  It  can  not  even  be  called  small ;  yet  from  the  evidence 
we  now  possess  it  seems  to  be  the  amount  which  characterizes  most 
of  the  common  species  of  birds. 

It  may  be  said,  however,  that  these  are  the  extreme  variations,  and 
only  occur  in  one  or  two  individuals,  while  the  great  majority  exhibit 
little  or  no  difference.  Other  diagrams  will  show  that  this  is  not  the 
case;  but  even  if  it  were  so,  it  would  be  no  objection  at  all,  because 
these  are  the  extremes  among  thirty  specimens  only.  We  may  safely 
assume  that  these  thirty  specimens,  taken  by  chance,  are  not,  in  the 
case  of  all  these  species,  exceptional  lots,  and  therefore  we  might  ex- 
pect at  least  two  similarly  varying  specimens  in  each  additional  thirty. 
But  the  number  of  individuals,  even  in  a  very  rare  species,  is  probably 
thirty  thousand  or  more,  and  in  a  common  species  thirty,  or  even  three 
hundred,  millions.  Even  one  individual  in  each  thirty,  varying  to  the 
amount  shown  in  the  diagram,  would  give  at  least  a  million  in  the 
total  population  of  any  common  bird,  and  among  this  million  many 
would  vary  much  more  than  the  extreme  among  thirty  only.  We 
should  thus  have  a  vast  body  of  individuals  varying  to  a  large  extent 
in  the  length  of  the  wings  and  tail,  and  offering  ample  material  for  the 
modification  of  these  organs  by  natural  selection.  We  will  now  pro- 
ceed to  show  that  other  parts  of  the  body  vary,  but  independently,  to 
an  equal  amount. 
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The  first  bird  taken  is  the  common  Bobolink  or  Kicebird  (Dolich- 
onyx  oryzivorus),  and  the  Diagram,  Fig.  4,  exhibits  the  variations  of 
seven  important  characters  in  twenty  male  adult  specimens.*  These 
characters  are— the  lengths  of  the  body,  wing,  tail,  tarsus,  middle  toe, 
outer  toe,  and  hind  toe,  being  as  many  as  can  be  conveniently  exhibited 
in  one  diagram.  The  length  of  the  body  is  not  given  by  Mr.  Allen, 
but  as  it  forms  a  convenient  standard  of  comparison,  it  has  been  ob- 
tained by  deducting  the  length  of  the  tail  from  the  total  length  of  the 
birds  as  given  by  him-  The  diagram  has  been  constructed  as  follows : — 
The  twenty  specimens  are  first  arranged  in  a  series  according  to  the 
body-lengths  (which  may  be  considered  to  give  the  size  of  the  bird), 
from  the  shortest  to  the  longest,  and  the  same  number  of  vertical  lines 
are  drawn,  numbered  from  one  to  twenty.  In  this  case  (and  wherever 
practicable)  the  body-length  is  measured  from  the  lower  line  of  the 
diagram,  so  that  the  actual  length  of  the  bird  is  exhibited  as  well  as 
the  actual  variations  of  length.  These  can  be  well  estimated  by 
means  of  the  horizontal  line  drawn  at  the  mean  between  the  two 
extremes,  and  it  will  be  seen  that  one  fifth  of  the  total  number  of 
specimens  taken  on  either  side  exhibits  a  very  large  amount  of  varia- 
tion, which  would  of  course  be  very  much  greater  if  a  hundred  or 
more  specimens  were  compared.  The  lengths  of  the  wing,  tail,  and 
other  parts  are  then  laid  down,  and  the  diagram  thus  exhibits  at  a 
glance  the  comparative  variation  of  these  parts  in  every  specimen  as 
well  as  the  actual  amount  of  variation  in  the  twenty  specimens ;  and 
we  are  thus  enabled  to  arrive  at  some  important  conclusions. 

We  note,  first,  that  the  variations  of  none  of  the  parts  follow  the 
variations  of  the  body,  but  are  sometimes  in  almost  an  opposite  direc- 
tion. Thus  the  longest  wing  corresponds  to  a  rather  small  body,  the 
longest  tail  to  a  medium  body,  while  the  longest  leg  and  toes  belong 
to  only  a  moderately  large  body.  Again,  even  related  parts  do  not 
constantly  vary  together  but  present  many  instances  of  independent 
variation,  as  shown  by  the  want  of  parallelism  in  their  respective  varia- 
tion-lines. In  No.  5  (see  Fig.  4)  the  wing  is  very  long,  the  tail  mod- 
erately so ;  while  in  No.  6  the  wing  is  much  shorter,  while  the  tail  is 
considerably  longer.  The  tarsus  presents  comparatively  little  varia- 
tion ;  and  although  the  three  toes  may  be  said  to  vary  in  general  to- 
gether, there  are  many  divergencies;  thus,  in  passing  from  No.  9  to 
No.  10,  the  outer  toe  becomes  longer,  while  the  hind  toe  becomes  con- 
siderably shorter ;  while  in  Nos.  3  and  4  the  middle  toe  varies  in  an 
opposite  way  to  the  outer  and  the  hind  toes. 

In  the  next  diagram  (Fig.  5)  we  have  the  variations  in  forty  males 
of  the  Red-winged  Blackbird  (Agelceus  phceniceus),  and  here  we  see 
the  same  general  features.  One  fifth  of  the  whole  number  of  specimens 
offer  a  large  amount  of  variation  either  below  or  above  the  mean; 
while  the  wings,  tail,  and  head  vary  quite  independently  of  the  body. 
The  wing  and  tail  too,  though  showing  some  amount  of  correlated 
variation,  yet  in  no  less  than  nine  cases  vary  in  opposite  directions  as 
compared  with  the  preceding  species. 

The  next  diagram  (Fig.  6),  showing  the  variations  of  thirty-one 
males  of  the  Cardinal  bird  (Cardinalis  virginianus),  exhibits  these 
features  much  more  strongly.  The  amount  of  variation  in  proportion 
to  the  size  of  the  bird  is  very  much  greater ;  while  the  variations  of 

*  See  Table  I,  p.  211,  of  Allen's  Winter  Birds  of  Florida. 
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the  wing  and  tail  not  only  have  no  correspondence  with  that  of  fo  t 
body  but  very  little  with  each  other.  In  no  less  than  twelve  or  thirteen 
instances  they  vary  in  opposite  directions,  while  even  where  they 
correspond  in  direction  the  amount  of  the  variation  is  often  very  dis- 
proportionate. 

As  the  proportions  of  the  tarsi  and  toes  of  birds  have  great  influence 
on  their  mode  of  life  and  habits  and  are  often  used  as  specific  or  even 
generic  characters,  I  have  prepared  a  diagram  (Fig.  7)  to  show  the 
variation  in  these  parts  only,  among  twenty  specimens  of  each  of  four 
species  of  birds,  four  or  five  of  the  most  variable  alone  being  given. 
The  extreme  divergence  of  each  of  the  lines  in  a  vertical  direction 
shows  the  actual  amount  of  variation ;  and  if  we  consider  the  small 
length  of  the  toes  of  these  small  birds,  averaging  about  three  quarters 
of  an  inch,  we  shall  see  that  the  variation  is  really  very  large ;  while 
the  diverging  curves  and  angles  show  that  each  part  varies,  to  a  great 
extent,  independently.  It  is  evident  that  if  we  compared  some 
thousands  of  individuals  instead  of  only  twenty,  we  should  have  an 
amount  of  independent  variation  occurring  each  year  which  would  en- 
able almost  any  modification  of  these  important  organs  to  be  rapidly 
effected. 

In  order  to  meet  the  objection  that  the  large  amount  of  variability 
here  shown  depends  chiefly  on  the  observations  of  one  person  and  on 
the  birds  of  a  single  country,  I  have  examined  Professor  Schlegel's 
Catalogue  of  the  Birds  in  the  Leyden  Museum,  in  which  he  usually 
gives  the  range  of  variation  of  the  specimens  in  the  museum  (which 
are  commonly  less  than  a  dozen  and  rarely  over  twenty)  as  regards 
some  of  their  more  important  dimensions.  These  fully  support  the 
statement  of  Mr.  Allen,  since  they  show  an  equal  amount  of  variability 
when  the  numbers  compared  are  sufficient,  which,  however,  is  >:ot 
often  the  case.  The  accompanying  diagram  exhibits  the  actual  dif- 
ferences of  size  in  five  organs  which  occur  in  five  species  taken  almost 
at  random  from  this  catalogue.  Here,  again,  we  perceive  that  the 
variation  is  decidedly  large,  even  among  a  very  small  number  of  speci- 
mens; while  the  facts  all  show  that  there  is  no  ground  whatever  for 
the  common  assumption  that  natural  species  consist  of  individuals 
which  are  nearly  all  alike,  or  that  the  variations  which  occur  are  "in- 
finitesimal" or  even  "small." 

The  proportionate  Number  of  Individuals  which  prea^tt  <i 
considerable  amount  of  Variation. 

The  notion  that  variation  is  a  comparatively  exceptional  phenomenon, 
and  that  in  any  case  considerable  variations  occur  very  rarely  in  pro- 
portion to  the  number  of  individuals  which  do  not  vary,  is  so  deeply 
rooted  that  it  is  necessary  to  show  by  every  possible  method  of  illus- 
tration how  completely  opposed  it  is  to  the  facts  of  Nature.  I  have 
therefore  prepared  some  diagrams  in  which  each  of  the  individual 
birds  measured  is  represented  by  a  spot,  placed  at  a  proportionate 
distance,  right  and  left,  from  the  median  line  accordingly  as  it  varies 
in  excess  or  defect  of  the  mean  length  as  regards  tb  3  particular  part 
compared.  As  the  object  in  this  set  of  diagrams  is  to  show  the 
number  of  individuals  which  vary  considerably  in  proportion  to  those 
which  vary  little  or  not  at  all,  the  scale  has  been  enlarged  in  order  to 
allow  room  for  placing  the  spots  without  overlapping  each  other. 
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Fie.  7.—  Variation  of  Tarsus  and  Toes. 
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Fie.  8.— Variation  of  Birds  in  Leyden  Museum. 
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In  this  diagram  (Fig.  9)  twenty  males  of  Icterus  Baltimore  are 

registered,  so  as  to  exhibit  to  the  eye  the  proportionate  number  of 
•pecimens  which  vary,  to  a  greater  or  less  amount,  in  the  length  oi 
the  tail,  wing,  tarsus,  middle  toe,  hind  toe,  and  bill.  It  will  be  noticed 
that  there  is  usually  no  very  great  accumulation  of  dots  about  the 
median  line  which  shows  the  average  dimension,  but  that  a  considerable 
number  are  spread  at  varying  distances  on  each  side  of  it 
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In  the  next  diagram  (Fig.  10),  showing  the  variation  among  forty 
males  of  Agelceus  phceniceus,  this  approach  to  an  equable  spreading 
of  the  variations  is  still  more  apparent ;  while  in  Fig.  12,  where  fifty- 
eight  specimens  of  Cardinalis  mrginianus  are  registered,  we  see  a 
remarkable  spreading  out  of  the  spots,  showing  in  some  of  the  characters 
a  tendency  to  segregation  into  two  or  more  groups  of  individuals,  each 
varying  considerably  from  the  mean. 

In  order  fully  to  appreciate  the  bearing  of  these  diagrams,  we 
must  remember,  that,  whatever  kind  and  amount  of  variations  are 
exhibited  by  the  few  specimens  here  compared,  would  be  greatly 
extended  and  brought  into  symmetrical  form  if  large  numbers — 
thousands  or  millions — were  subjected  to  the  same  process  of  measure- 
ment and  registration.  We  know,  from  the  general  law  which  governs 
variations  from  a  mean  value,  that  with  increasing  numbers  the  range 
of  variation  of  each  part  would  increase  also,  at  first  rather  rapidly 
and  then  more  slowly;  while  gaps  and  irregularities  would  NJ 
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gradually  filled  up,  and  at  length  the  distribution  of  the  dots  would 
indicate  a  tolerably  regular  curve  of  double  curvature  like  those 
shown  in  Fig.  11.  The  great  divergence  of  the  dots,  when  even  a 
few  specimens  are  compared,  shows  that  the  curve,  with  high  numbers, 
would  be  a  fiat  one  like  the  lower  curve  in  the  illustration  here  given. 
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This  being  the  case  it  would  follow  that  a  very  large  proportion  of 
the  total  number  of  individuals  constituting  a  species  would  diverge 
considerably  from  its  average  condition  as  regards  each  part  or  organ ; 
and  as  we  know  from  the  previous  diagrams  of  variation  (Fig.  1  to  7) 


Carves  of  Variation 
Fro.  11. 

that  each  part  varies  to  a  considerable  extent,  independently,  the 
materials  constantly  ready  for  natural  selection  to  act  upon  are 
abundant  in  quantity  and  very  varied  in  kind.  Almost  any  com- 
bination of  variations  of  distinct  parts  will  be  available,  where  required ; 
and  this,  as  we  shall  see  further  on,  obviates  one  of  the  most  weighty 
objections  which  have  been  urged  against  the  efficiency  of  natural 
in  producing  new  species,  genera,  and  higher  groups. 
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Variation  in  the  Mammalia. 

Owing  to  the  generally  large  size  of  this  class  of  animals,  and  the 
comparatively  small  number  of  naturalists  who  study  them,  large 
series  of  specimens  are  only  occasionally  examined  and  compared,  and 
thus  the  materials  for  determining  the  question  of  their  variability  in 
a  state  of  Nature  are  comparatively  scanty.  The  fact  that  our  domes- 
tic animals  belonging  to  this  group,  especially  dogs,  present  extreme 
varieties  not  surpassed  even  by  pigeons  and  poultry  among  birds,  ren- 
ders it  almost  certain  that  an  equal  amount  of  variability  exists  in  the 
wild  state;  and  this  is  confirmed  by  the  example  of  a  species  of 
squirrel  (Sciurus  carolinensis\  of  which  sixteen  specimens,  all  males 
and  all  taken  in  Florida,  were  measured  and  tabulated  by  Mr.  Allen. 
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The  diagram  here  given  shows,  that,  both  the  general  amount  of  the 
variation  and  the  independent  variability  of  the  several  members  of 
the  body,  accord  completely  with  the  variations  so  common  in  the  class 
of  birds ;  while  their  amount  and  theL:  independence  of  each  other  are 
even  greater  than  usual. 

Variation  in  the  Internal    Organs  of  Animals. 

In  case  it  should  be  objected  that  the  cases  of  variation  hitherto 
adduced  are  in  the  external  parts  only,  and  that  there  is  no  proof  that 
the  internal  organs  vary  in  the  same  manner,  it  will  be  advisable  to 
show  that  such  varieties  also  occur.  It  is,  however,  impossible  to 
adduce  the  same  amount  of  evidence  in  this  class  of  variation,  because 
the  great  labor  of  dissecting  large  numbers  of  specimens  of  the  same 
species  is  rarely  undertaken,  and  we  have  to  trust  to  the  chance  obser- 
vations of  anatomists  recorded  in  their  regular  course  of  study. 

It  must,  however,  be  noted  that  a  very  large  proportion  of  the 
variations  already  recorded  in  the  external  parts  of  animals  necessarily 
imply  corresponding  internal  variations.  When  feet  and  legs  vary  in 
size,  it  is  because  the  bones  vary;  when  the  head,  body,  limbs,  and 
tail  change  their  proportions,  the  bony  skeleton  must  also  change; 
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and  even  when  the  wing  or  tail  feathers  of  birds  become  longer  or 
more  numerous,  there  is  sure  to  be  a  corresponding  change  in  the 
bones  which  support  and  the  muscles  which  move  them.  I  will,  how- 
ever, give  a  few  cases  of  variations  which  have  been  directly  observed. 
Mr.  Frank  E.  Beddard  has  kindly  communicated  to  me  some  re- 
markable variations  he  has  observed  in  the  internal  organs  of  a  species 
of  earthworm  (Perionyx  excavatus).  The  normal  characters  of  this 
species  are — 

Setae  forming  a  complete  row  round  each  segment. 

Two  paurs  of  spermathecse — spherical  pouches  without  diverticulse 

— in  segments  8  and  9. 
Two  pairs  of  testes  in  segments  11  and  12. 
Ovaries,  a  single  pair  in  segment  13. 

Oviducts  open  by  a  common  pore  in  the  middle  of  segment  14. 
Vasa  deferentia  open  separately  in  segment  18,  each  furnished  at 

its  termination  with  a  large  prostate  gland. 

Between  two  and  three  hundred  specimens  were  examined,  and 
among  them  thirteen  specimens  exhibited  the  following  marked  varia- 
tions:— 

(1)  The  number  of  the  spermathecse  varied  from  two  to  three  or 

four  pairs,  their  position  also  varying. 

(2)  There   were    occasionally  two    pairs  of   ovaries,  each  with  its 

own  oviduct ;  the  external  apertures  of  these  varied  in  posi- 
tion, being  upon  segments  13  and  14,  14  and  15,  or  15  and  16. 
Occasionally  when  there  was  only  the  normal  single  oviduct 
pore  present  it  varied  in  position,  once  occurring  on  the  10th 
and  once  on  the  llth  segment. 

(3)  The  male  generative  pores   varied  in  position  from   segments 

14  to  20.  In  one  instance  there  were  two  pairs  instead  of 
the  normal  single  pair,  and  in  this  case  each  of  the  four  aper- 
tures had  its  own  prostate  gland. 

Mr.  Beddard  remarks  that  all,  or  nearly  all,  the  above  variations 
are  found  normally  in  other  genera  and  species. 

When  we  consider  the  enormous  number  of  earthworms  and  the 
comparatively  very  small  number  of  individuals  examined,  we  may  be 
sure,  not  only  that  such  variations  as  these  occur  with  considerable 
frequency,  but  also  that  still  more  extraordinary  deviations  from  the 
normal  structure  may  often  exist. 

The  next  example  is  taken  from  Mr.  Darwin's  unpublished  MSS. 

"In  some  species  of  Shrews  (Sorex)  and  in  some  field-mice 
(Arvicold)  the  Rev.  L.  Jenyns  (Ann.  Nat.  Hist.,  vol.  vii.  p.  267,  272) 
found  the  proportional  length  of  the  intestinal  canal  to  vary  con- 
siderably. He  found  the  same  variability  in  the  number  of  the  caudal 
vertebrae.  In  three  specimens  of  an  Arvicola  he  found  the  gall-bladder 
having  a  very  different  degree  of  development,  and  there  is  reason  to 
believe  it  is  the  case  with  the  gall-bladder  of  the  giraffe." 

Dr.  Crisp  (Proc.  Zool.  Soc.,  1862,  p.  137)  found  the  gall-bladder 
present  in  some  specimens  of  Cervus  superdliaris  while  absent  in 
others ;  and  he  found  it  to  be  absent  in  three  giraffes  whom  he  dis- 
sected. A  double  gall-bladder  was  found  in  a  sheep,  and  in  a  small 
mammal  preserved  in  the  Hunterian  Museum  there  are  three  distinct 
gall-bladders. 

The  length  of  the  alimentary  canal  varies  greatly.  In  three  adult 
described  by  Professor  Owen  it  was  from  124  to  136  f«et 
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long ;  one  dissected  in  France  had  this  canal  211  feet  long ;  while  Dr. 
Crisp  measured  one  of  the  extraordinary  length  of  254  feet,  and  similar 
variations  are  recorded  in  other  animals.* 

The  number  of  ribs  varies  in  many  animals.  Mr.  St.  George  Mivart 
says:  "In  the  highest  forms  of  the  Primates,  the  number  of  true 
ribs  is  seven,  but  in  Hylobates  there  are  sometimes  eight  pairs.  In 
Semnopithecus  and  Colobus  there  are  generally  seven,  but  sometimes 
eight  pairs  of  true  ribs.  In  the  Cebidce  there  are  generally  seven  or 
eight  pairs,  but  in  Ateles  sometimes  nine  "  (Proc.  Zool.  Soc.,  1865, 
p.  568).  In  the  same  paper  it  is  stated  that  the  number  of  dorsal 
vertebrae  in  man  is  normally  twelve,  very  rarely  thirteen.  In  the 
Chimpanzee  there  are  normally  thirteen  dorsal  vertebrae,  but  occasionally 
there  are  fourteen  or  only  twelve. 

Variations  in   the  /Skull. 

Among  the  nine  adult  male  Orang-utans,  collected  by  myself  in 
Borneo,  the  skulls  differed  remarkably  in  size  and  proportions.  The 
orbits  varied  in  width  and  height,  the  cranial  ridge  was  either  single 
or  double,  either  much  or  little  developed,  and  the  zygomatic  aperture 
varied  considerably  in  size.  I  noted  particularly  that  these  variations 
bore  no  necessary  relation  to  each  other,  so  that  a  large  temporal 
muscle  and  zygomatic  aperture  might  exist  either  with  a  large  or  a 
small  cranium ;  and  thus  was  explained  the  curious  difference  between 
the  single-crested  and  the  double-crested  skulls,  which  had  been 
supposed  to  characterize  distinct  species.  As  an  instance  of  the 
amount  of  variation  in  the  skulls  of  fully  adult  male  orangs,  I  found 
the  width  between  the  orbits  externally  to  be  only  4  inches  in  one 
specimen  and  fully  5  in  another. 

Exact  measurements  of  large  series  of  comparable  skulls  of  the 
mammalia  are  not  easily  found,  but  from  those  available  I  have  pre- 
pared three  diagrams  (Figs.  14,  15,  and  16),  in  order  to  exhibit  the 
facts  of  variation  in  this  very  important  organ.  The  first  shows  the 
variation  in  ten  specimens  of  the  common  wolf  (Canis  lupus)  from 
one  district  in  North  America,  and  we  see  that  it  is  not  only  large 
in  amount,  but  that  each  part  exhibits  a  considerable  independent 
variability.! 

In  Diagram  15  we  have  the  variations  of  eight  skulls  of  the  Indian 
Honey-bear  ( Ursus  labiatus),  as  tabulated  by  the  late  Dr.  J.  E.  Gray 
of  the  British  Museum.  For  such  a  small  number  of  specimens  the 
amount  of  variation  is  very  large — from  one  eighth  to  one  fifth  of  the 
mean  size, — while  there  are  an  extraordinary  number  of  instances  of 
independent  variability.  In  Diagram  16  we  have  the  length  and  width 
of  twelve  skulls  of  adults  male  of  the  Indian  wild  boar  (Sus  cristatus), 
also  given  by  Dr.  Gray,  exhibiting  in  both  sets  of  measurements  a 
variation  of  more  than  one  sixth,  combined  by  a  very  considerable 
amount  of  independent  variability.}: 

The  few  facts  now  given,  as  to  variations  of  the  internal  parts  of 
animals,  might  be  multiplied  indefinitely  by  a  search  through  the 
voluminous  writings  of  comparative  anatomists.  But  the  evidence 

*  Proc.  Zool.  Soc.,  1864,  p.  64. 

t  J.  A.  Allen,  on  Geographical  Variation  among  North  American  Mammals, 
Bull.  U.  8.  Geol.  and  Geog.  Survey,  vol.  ii.  p.  314  (1876). 
$  Proc.  Zool.  Soc.,  Lond.,  1864,  p.  700,  and  1868,  p.  28. 
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FIG.  14. — Variation  of  Skull  of  Wolf. — 10  specimens. 
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already  adduced,  taken  in  conjunction  with  the  much  fnller  evidence 
of  variation  in  all  external  organs,  leads  us  to  the  conclusion  that 
wherever  variations  are  looked  for  among  a  considerable  number  of 
individuals  of  the  more  common  species  they  are  sure  to  be  found ; 
that  they  are  everywhere  of  considerable  amount,  often  reaching  20 
per  cent  of  the  size  of  the  part  implicated ;  and  that  they  are  to  a 
great  extent  independent  of  each  other,  and  thus  afford  almost  any 
combination  of  variations  that  may  be  needed. 

It  must  be  particularly  noticed  that  the  whole  series  of  variation- 
diagrams  here  given  (except  the  three  which  illustrate  the  number  of 
varying  individuals)  in  every  case  represent  the  actual  amount  of  the 
variation,  not  on  any  reduced  or  enlarged  scale,  but  as  it  were  lif  e-size. 
Whatever  number  of  inches  or  decimals  of  an  inch  the  species  varies  in 
any  of  its  parts  is  marked  on  the  diagrams,  so  that  with  the  help  of 
an  ordinary  divided  rule  or  a  pair  of  compasses  the  variation  of  the 
different  parts  can  be  ascertained  and  compared  just  as  if  the  speci- 
mens themselves  were  before  the  reader,  but  with  much  greater  ease. 

In  my  lectures  on  the  Darwinian  theory  in  America  and  in  this 
country  I  used  diagrams  constructed  on  a  different  plan,  equally  illus- 
trating the  large  amount  of  independent  variability,  but  less  simple 
and  less  intelligible.  The  present  method  is  a  modification  of  that 
used  by  Mr.  Francis  Galton  in  his  researches  on  the  theory  of  vari- 
ability, the  upper  line  (showing  the  variability  of  the  body)  in  Diagrams 
4,  5,  6,  and  13,  being  laid  down  on  the  method  he  has  used  in  his  ex- 
periments with  sweet  peas  and  in  pedigree  moth-breeding.*  I  believe, 
after  much  consideration,  and  many  tedious  experiments  in  diagram- 
making,  that  no  better  method  can  be  adopted  for  bringing  before  the 
eye,  both  the  amount  and  the  peculiar  features  of  individual  vari- 
ability. 

Variations  of  the  Habits  of  Animals. 

Closely  connected  with  those  variations  of  internal  and  external 
structure  which  have  been  already  described,  are  the  changes  of  habits 
which  often  occur  in  certain  individuals  or  in  whole  species,  since  these 
must  necessarily  depend  upon  some  corresponding  change  in  the  brain 
or  in  other  parts  of  the  organism ;  and  as  these  changes  are  of  great 
importance  in  relation  to  the  theory  of  instinct,  a  few  examples  of 
them  will  be  now  adduced. 

The  Kea  (Nestor  Notabilis')  is  a  curious  parrot  inhabiting  the 
mountain-ranges  of  the  Middle  Island  of  New  Zealand.  It  belongs  to 
the  family  of  Brush-tongued  parrots,  and  naturally  feeds  on  the  honey 
of  flowers  and  the  insects  which  frequent  them,  together  with  such 
fruits  or  berries  as  are  found  in  the  region.  Till  quite  recently  this 
comprised  its  whole  diet,  but  since  the  country  it  inhabits  has  become 
occupied  by  Europeans  it  has  developed  a  taste  for  a  carnivorous  diet, 
with  alarming  results.  It  began  by  picking  the  sheepskins  hung  out 
to  dry  or  the  meat  in  process  of  being  cured.  About  1868  it  was  first 
observed  to  attack  living  sheep,  which  had  frequently  been  found  with 
raw  and  bleeding  wounds  on  their  backs.  Since  then  it  is  stated  that 
the  bird  actually  burrows  into  the  living  sheep,  eating  its  way  down 
to  the  kidneys,  which  form  its  special  delicacy.  As  a  natural  conse- 
quence, the  bird  is  being  destroyed  as  rapidly  as  possible,  and  one  of 
the  rare  and  curious  members  of  the  New  Zealand  fauna  will  no  doubt 

*  See  Trans.  Entomological  Soe.  of  London,  1887,  p.  24. 
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shortly  cease  to  exist.  The  case  affords  a  remarkable  instance  of  how 
the  climbing  feet  and  powerful  hooked  beak  developed  for  one  set  of 
purposes  can  be  applied  to  another  altogether  different  purpose,  and 
it  also  shows  how  little  real  stability  there  may  be  in  what  appear  to 
us  the  most  fixed  habits  of  life.  A  somewhat  similar  change  of  diet 
has  been  recorded  by  the  Duke  of  Argyll,  in  which  a  goose,  reared  by 
a  golden  eagle,  was  taught  by  its  foster-parent  to  eat  flesh,  which  it 
continued  to  do  regularly  and  apparently  with  great  relish.* 

Change  of  habits  appears  to  be  often  a  result  of  imitation,  of  which 
Mr.  Tegetmeier  gives  some  good  examples.  He  states  that  if  pigeons 
are  reared  exclusively  with  small  grain,  as  wheat  or  barley,  they  will 
starve  before  eating  beans.  But  when  they  are  thus  starving,  if  a 
bean-eating  pigeon  is  put  among  them,  they  follow  its  example,  and 
thereafter  adopt  the  habit.  So  fowls  sometimes  refuse  to  eat  maize, 
but  on  seeing  others  eat  it,  they  do  the  same  and  become  excessively 
fond  of  it.  Many  persons  have  found  that  their  yellow  crocuses  were 
eaten  by  sparrows,  while  the  blue,  purple,  and  white  colored  varieties 
were  left  untouched ;  but  Mr.  Tegetmeier,  who  grows  only  these  latter 
colors,  found  that  after  two  years  the  sparrows  began  to  attack  them, 
and  thereafter  destroyed  them  quite  as  readily  as  the  yellow  ones ; 
and  he  believes  it  was  merely  because  some  bolder  sparrow  than  the 
rest  set  the  example.  On  this  subject  Mr.  Charles  C.  Abbott  well  re- 
marks: "In  studying  the  habits  of  our  American  birds — and  I  suppose 
it  is  true  of  birds  everywhere — it  must  at  all  times  be  remembered 
that  there  is  less  stability  in  the  habits  of  birds  than  is  usually  sup- 
posed; and  no  account  of  the  habits  of  any  one  species  will  exactly 
detail  the  various  features  of  its  habits  as  they  really  are,  in  every 
portion  of  the  territory  it  inhabits."  t 

Mr.  Charles  Dixon  has  recorded  a  remarkable  change  in  the  mode 
of  nest-building  of  some  common  chaffinches  which  were  taken  to  New 
Zealand  and  turned  out  there.  He  says:  "The  cup  of  the  nest  is 
small,  loosely  put  to  ether,  apparently  lined  with  feathers,  and  the 
walls  of  the  structure  are  prolonged  for  about  18  inches,  and  hang 
loosely  down  the  side  of  the  supporting  branch.  The  whole  structure 
bears  some  resemblance  to  the  nests  of  the  hangnests  (Icteridce),  with 
the  exception  that  the  cavity  is  at  the  top.  Clearly  these  New  Zealand 
chaffinches  were  at  a  loss  for  a  design  when  fabricating  their  nest. 
They  had  no  standard  to  work  by,  no  nests  of  their  own  kind  to  copy, 
no  older  birds  to  give  them  any  instruction,  and  the  result  is  the  ab- 
normal structure  I  have  just  described."  J 

These  few  examples  are  sufficient  to  show  that  both  the  habits  and 
instincts  of  animals  are  subject  to  variation;  and  had  we  a  sufficient 
number  of  detailed  observations  we  should  probably  find  that  these 
variations  were  as  numerous,  as  diverse  in  character,  as  large  in  amount, 
and  as  independent  of  each  other  as  those  which  we  have  seen  to 
characterize  their  bodily  structure. 

The  Variability  of  Plants. 

The  variability  of  plants  is  notorious,  being  proved  not  only  by  the 
endless  variations  which  occur  whenever  a  species  is  largely  grown  by 
horticulturists,  but  also  by  the  great  difficulty  that  is  felt  by 

*  Nature,  vol.  xix.  p.  554. 
t  Ibid.,  vol.  xvi.  p.  163;  and  vol.  xi.  p.  227. 
j  Ibid.,  vol.  xxxi.  (1885),  p.  533. 
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botanists  in  determining  the  limits  of  species  in  many  large  genera. 
As  examples  we  may  take  the  roses,  the  brambles,  and  the  willows,  as 
well  illustrating  this  fact.  In  Mr.  Baker's  Revision  of  the  British 
Roses  (published  by  the  Linnean  Society,  in  1863),  he  includes  under 
the  single  species,  Rosa  canina — the  common  dog-rose — no  less  than 
twenty-eight  named  varieties  distinguished  by  more  or  less  constant 
characters  and  often  confined  to  special  localities,  and  to  these  are  re- 
ferred about  seventy  of  the  species  of  British  and  continental  botanists. 
Of  the  genus  Rubus  or  bramble,  Jive  British  species  are  given  in  Ben- 
tham's  Handbook  of  the  British  Flora,  while  in  the  fifth  edition  of 
Babington's  Manual  of  British  Botany,  published  about  the  same 
time,  no  less  than  forty-five  species  are  described.  Of  willows  (Salix) 
the  same  two  works  enumerate  fifteen  and  thirty-one  species  respect- 
ively. The  hawkweeds  (Hieracium)  are  equally  puzzling,  for  while 
Mr.  Bentham  admits  only  seven  British  species,  Professor  Babington 
describes  no  less  than  thirty-two,  besides  several  named  varieties. 

A  French  botanist,  Mons.  A.  Jordan,  has  collected  numerous  forms 
of  a  common  little  plant,  the  spring  whitlow-grass  (Draba  verna) ;  he 
has  cultivated  these  for  several  successive  years,  and  declares  that 
they  preserve  their  peculiarities  unchanged ;  he  also  says  that  they 
each  come  true  from  seed,  and  thus  possess  all  the  characteristics  of 
true  species.  He  has  described  no  less  than  fifty-two  such  species  or 
permanent  varieties,  all  found  in  the  south  of  France ;  and  he  urges 
botanists  to  follow  his  example  in  collecting,  describing,  and  cultivating 
all  such  varieties  as  may  occur  in  their  respective  districts.  Now,  as 
the  plant  is  very  common  almost  all  over  Europe  and  ranges  from 
North  America  to  the  Himalayas,  the  number  of  similar  forms  over 
this  wide  area  would  probably  have  to  be  reckoned  by  hundreds  if  not 
by  thousands. 

The  class  of  facts  now  adduced  must  certainly  be  held  to  prove 
that  in  many  large  genera  and  in  some  single  species  there  is  a  very 
large  amount  of  variation,  which  renders  it  quite  impossible  for 
experts  to  agree  upon  the  limits  of  species.  We  will  now  adduce  a 
few  striking  cases  of  individual  variation. 

The  distinguished  botanist,  Alp.  de  Candolle,  made  a  special  study 
of  the  oaks  of  the  whole  world,  and  has  stated  some  remarkable  facts 
as  to  their  variability.  He  declares  that  on  the  same  branch  of  oak 
he  has  noted  the  following  variations :  (1)  In  the  length  of  the  petiole, 
as  one  to  three ;  (2)  in  the  form  of  the  leaf,  being  either  elliptical  or 
obovoid ;  (3)  in  the  margin  being  entire,  or  notched,  or  even  pinnatifid ; 
(4)  in  the  extremity  being  acute  or  blunt ;  (5)  in  the  base  being  sharp, 
blunt,,  or  cordate;  (6)  in  the  surface  being  pubescent  or  smooth; 
(7)  the  perianth  varies  in  depth  and  lobing ;  (8)  the  stamens  vary  in 
number,  independently ;  (9)  the  anthers  are  mucronate  or  blunt ; 

(10)  the  fruit-stalks  vary  greatly  in  length,  often  as  one  to  three; 

(11)  the  number  of  fruits  varies ;  (12)  the  form  of  the  base  of  the  cup 
varies ;  (13)  the  scales  of  the  cup  vary  in  form ;  (14)  the  proportions 
of  the  acorns  vary ;  (15)  the  times  of  the  acorns  ripening  and  falling 
vary. 

Besides  this,  many  species  exhibit  well-marked  varieties  which 
have  been  described  and  named,  and  these  are  most  numerous  in  the 
best-known  species.  Our  British  oak  (Quercus  robur)  has  twenty- 
eight  varieties ;  Quercus  I/usitanica  has  eleven  ;  Quercus  caUiprinos 
has  ten;  and  Quercus  coccifera  eight. 
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A  most  remarkable  case  of  variation  in  the  parts  of  a  common 
flower  has  been  given  by  Dr.  Hermann  Miiller.  He  examined  two 
hundred  flowers  of  Myosurus  minimus,  among  which  he  found  thirty 
five  different  proportions  of  the  sepals,  petals,  and  anthers,  the  first 
varying  from  four  to  seven,  the  second  from  two  to  five,  and  the  third 
from  two  to  ten.  Five  sepals  occurred  in  one  hundred  and  eighty-nine 
out  of  the  two  hundred,  but  of  these  one  hundred  and  five  had  three 
petals,  forty-six  had  four  petals,  and  twenty-six  had  five  petals ;  but 
in  each  of  these  sets  the  anthers  varied  in  number  from  three  to  eight, 
or  from  two  to  nine.  We  have  here  an  example  of  the  same  amount 
of  "  independent  variability  "  that,  as  we  have  seen,  occurs  in  the 
various  dimensions  of  birds  and  mammals ;  and  it  may  be  taken  as  an 
illustration  of  the  kind  and  degree  of  variability  that  may  be  expected 
to  occur  among  small  and  little  specialized  flowers.* 

In  the  common  wind-flower  (Anemone  nemorosa)  an  almost  equal 
amount  of  variation  occurs ;  and  I  have  myself  gathered  in  one  locality 
flowers  varying  from  £  inch  to  If  inch  in  diameter;  the  bracts  varying 
from  1£  inch  to  4  inches  across ;  and  the  petaloid  sepals  either  broad 
or  narrow,  and  varying  in  number  from  five  to  ten.  Though  generally 
pure  white  on  the  upper  surface,  some  specimens  are  a  full  pink, 
while  others  have  a  decided  bluish  tinge. 

Mr.  Darwin  states  that  he  carefully  examined  a  large  number  of 
plants  of  Geranium  phceum  and  G-.  pyrenaicum  (not  perhaps  truly 
British  but  frequently  found  wild),  which  had  escaped  from  cultiva- 
tion, and  had  spread  by  seed  in  an  open  plantation ;  and  he  declares 
that  "the  seedlings  varied  in  almost  every  single  character,  both  hi 
their  flowers  and  f oliage,  to  a  degree  which  I  have  never  seen  exceeded ; 
yet  they  could  not  have  been  exposed  to  any  great  change  of  their 
conditions."* 

The  following  examples  of  variation  in  important  parts  of  plants 
were  collected  by  Mr.  Darwin  and  have  been  copied  from  his  unpub- 
lished MSS.:— 

"  De  Candolle  (Mem.  Soc.  Phys.  de  Geneve,  torn.  ii.  part  ii.  p.  217) 
states  that  Papayer  bracteatum  and  P.  orientate  present  indifferently 
two  sepals  and  four  petals,  or  three  sepals  and  six  petals,  which  is 
sufliciently  rare  with  other  species  of  the  genus." 

"In  the  Primulacece  and  in  the  great  class  to  which  this  family 
belongs  the  unilocular  ovarium  is  free,  but  M.  Dubury  (Mem.  Soc. 
Phys.  de  Geneve,  torn.  ii.  p.  406)  has  often  found  individuals  in  Cy- 
clamen hedercefolium  in  which  the  base  of  the  ovary  was  connected 
for  a  third  part  of  its  length  with  the  inferior  part  of  the  calyx." 

"M.  Aug.  St.  Hilaire  (Sur  la  Gynobase,  Mem.  des  Mus.  d'Hist.  Nat., 
torn.  x.  p.  134),  speaking  of  some  bushes  of  the  Gomphia  oleaefolia, 
which  he  at  first  thought  formed  a  quite  distinct  species,  says :  '  Voila 
done  dans  un  meme  individu  des  loges  et  un  style  qui  se  rattachent 
tantot  a  un  axe  vertical,  et  tantot  a  un  gynobase ;  done  celui-ci  n'est 
qu'un  axe  veritable ;  mais  cet  axe  est  deprime  au  lieu  d'etre  vertical." 
He  adds  (p.  151),  '  Does  not  all  this  indicate  that  Nature  has  tried,  in 
a  manner,  in  the  family  of  Rutacece  to  produce  from  a  single  multi- 
locular  ovary,  one-styled  and  symmetrical,  several  unilocular  ovaries, 
each  with  its  own  style  ? '  And  he  subsequently  shows  that,  in  Xan- 
thoxylum  monogynum,  'it  often  happens  that  on  the  same  plant,  on 

*  Animals  and  Plants  under  Domestication,  vol    ii.  p.  258. 
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the  same  panicle,  we  find  flowers  with  one  or  with  two  ovaries';  and 
that  this  is  an  important  character  is  shown  by  the  JRutacece  (to  which 
JLanthoxylum  belongs),  being  placed  in  a  group  of  natural  orders 
characterized  by  having  a  solitary  ovary." 

"  De  Candolle  has  divided  the  Cruciferce  into  five  sub-orders,  in  ac- 
cordance with  the  position  of  the  radicle  and  cotyledons ;  yet  MODS. 
T.  Gray  (Ann.  des  /Scien.  Nat.,  ser.  i.  torn.  vii.  p.  389)  found  in  sixteen 
seeds  of  Petrocallis  Pyrenaica  the  form  of  the  embryo  so  uncertain 
that  he  could  not  tell  whether  it  ought  to  be  placed  in  the  sub-orders 
'  Pleurorhizee '  or  '  Notorhizee."1  So  again  (p.  400)  in  Cochlearia  saxa- 
tilis  M.  Gay  examined  twenty-nine  embryos,  and  of  these  sixteen  were 
vigorously  lpleurorhizeesj  nine  had  characters  intermediate  between 
pleuro-  and  notor-  hizees,  and  four  were  pure  notorhizees." 

"M.  Raspail  asserts  (Ann.  des  /Scien.  JVat.,  ser.  i.  torn.  v.  p.  440) 
that  a  grass  (Nostus  Borbonicus)  is  so  eminently  variable  in  its  floral 
organization,  that  the  varieties  might  serve  to  make  a  family  with 
sufficiently  numerous  genera  and  tribes, — a  remark  which  shows  that 
important  organs  must  be  here  variable." 

Species  which  vary  little. 

The  preceding  statements  as  to  the  great  amount  of  variation  oc- 
curring in  animals  and  plants,  do  not  prove  that  all  species  vary  to 
the  same  extent,  or  even  vary  at  all,  but  merely  that  a  considerable 
number  of  species  in  every  class,  order,  and  family  do  so  vary.  It  will 
have  been  observed  that  the  examples  of  great  variability  have  all  been 
taken  from  common  species,  or  species  which  have  a  wide  range  and 
are  abundant  in  individuals.  Now  Mr.  Darwin  concludes,  from  an 
elaborate  examination  of  the  floras  and  faunas  of  several  distinct 
regions,  that  common,  wide-ranging  species,  as  a  rule,  vary  most, 
while  those  that  are  confined  to  special  districts  and  are  therefore 
comparatively  limited  in  number  of  individuals  vary  least.  By  a 
similar  comparison  it  is  shown  that  species  of  large  genera  vary  more 
than  species  of  small  genera.  These  facts  explain,  to  some  extent, 
why  the  opinion  has  been  so  prevalent  that  variation  is  very  limited 
in  amount  and  exceptional  in  character.  For  naturalists  of  the  old 
school,  and  all  mere  collectors,  were  interested  in  species  in  proportion 
to  their  rarity,  and  would  often  have  in  their  collections  a  larger  num- 
ber of  specimens  of  a  rare  species  than  of  a  species  that  was  very 
common.  Now  as  these  rare  species  do  really  vary  much  less  than  the 
common  species,  and  in  many  cases  hardly  vary  at  all,  it  was  very 
natural  that  a  belief  in  the  fixity  of  species  should  prevail.  It  is  not, 
however,  as  we  shall  see  presently,  the  rare,  but  the  common  and 
widespread  species  which  become  the  parents  of  new  forms,  and  thus 
the  non-variability  of  any  number  of  rare  or  local  species  offers  no 
difficulty  whatever  in  the  way  of  the  theory  of  evolution. 

Concluding  Remarks. 

We  have  now  shown,  in  some  detail,  at  the  risk  of  being  tedious, 
that  individual  variability  is  a  general  character  of  all  common  and 
widespread  species  of  animals  or  plants;  and,  further,  that  this 
variability  extends,  so  far  as  we  know,  to  every  part  and  organ, 
whether  external  or  internal,  as  well  as  to  every  mental  faculty.  Tet 
more  important  is  the  fact  that  each  part  or  organ  varies  to  a  con- 
siderable extent  independently  of  other  parts.  Again,  we  have  shown. 
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by  abundant  evidence,  that  the  variation  that  occurs  is  very  large  in 
amount, —  usually  reaching  10  or  20,  and  sometimes  even  25  per  cent 
of  the  average  size  of  the  varying  part;  while  not  one  or  two  only, 
but  from  5  to  10  per  cent  of  the  specimens  examined  exhibit  nearly 
as  large  an  amount  of  variation.  These  facts  have  been  brought 
clearly  before  the  reader  by  means  of  numerous  diagrams,  drawn  to 
scale  and  exhibiting  the  actual  variations  in  inches,  so  that  there  can 
be  no  possibility  of  denying  either  their  generality  or  their  amount. 
The  importance  of  this  full  exposition  of  the  subject  will  be  seen  in 
future  chapters,  when  we  shall  frequently  have  to  refer  to  the  facts 
here  set  forth,  especially  when  we  deal  with  the  various  theories  of 
recent  writers  and  the  criticisms  that  have  been  made  of  the 
Darwinian  theory. 

A  full  exposition  of  the  facts  of  variation  among  wild  animals  and 
plants  is  the  more  necessary,  because  comparatively  few  of  them  were 
published  in  Mr.  Darwin's  works,  while  the  more  important  have  only 
been  made  known  since  the  last  edition  of  The  Origin  of  Species  was 
prepared ;  and  it  is  clear  that  Mr.  Darwin  himself  did  not  fully  recog- 
nize the  enormous  amount  of  variability  that  actually  exists.  This  is 
indicated  by  his  frequent  reference  to  the  extreme  slowness  of  the 
changes  for  which  variation  furnishes  the  materials,  and  also  by  his 
use  of  such  expressions  as  the  following:  "A  variety  when  once 
formed  must  again,  perhaps  after  a  tong  interval  of  time,  vary  or 
present  individual  differences  of  the  same  favorable  nature  as  before  " 
(Origin,  p.  66).  And  again,  after  speaking  of  changed  conditions 
"affording  a  better  chance  of  the  occurrence  of  favorable  variations," 
he  adds:  "  Unless  such  occur  natural  selection  can  do  nothing" 
(Origin,  p.  64).  These  expressions  are  hardly  consistent  with  the 
fact  of  the  constant  and  large  amount  of  variation, —  of  every  part,  in 
all  directions, —  which  evidently  occurs  in  each  generation  of  all  the 
more  abundant  species,  and  which  must  afford  an  ample  supply  of 
favorable  variations  whenever  required;  and  they  have  been  seized 
upon  and  exaggerated  by  some  writers  as  proofs  of  the  extreme 
difficulties  in  the  way  of  the  theory.  It  is  to  show  that  such  difficult- 
ies do  lot  exist,  and  in  the  full  conviction  that  an  adequate  knowl- 
edge of  the  facts  of  variation  affords  the  only  sure  foundation  for 
the  Darwinian  theory  of  the  origin  of  species,  that  this  chapter  has 
been  written. 
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CHAPTER  IV 

VABIATION   OP  DOMESTICATED   ANIMATE   AND  CULTIVATED 

PLANTS. 

The  facts  of  variation  and  artificial  selection. —  Proofs  of  the  generality  of 
variation. — Variations  of  apples  and  melons. — Variations  of  flowers. — 
Variations  of  domestic  animals. —  Domestic  pigeons. — Acclimatization. — 
Circumstances  favorable  to  selection  by  man. —  Conditions  favorable  to 
variation. — Concluding  remarks. 

Having  so  folly  discussed  variation  under  Nature  it  will  be 
unnecessary  to  devote  so  much  space  to  domesticated  animals  and 
cultivated  plants,  especially  as  Mr.  Darwin  has  published  two  remark- 
able volumes  on  the  subject,  where  those  who  desire  it  may  obtain 
ample  information.  A  general  sketch  of  the  more  important  facts 
will,  however,  be  given,  for  the  purpose  of  showing  how  closely  they 
correspond  with  those  described  in  the  preceding  chapter,  and  also  to 
point  out  the  general  principles  which  they  illustrate.  It  will  also  be 
necessary  to  explain  how  these  variations  have  been  increased  and 
accumulated  by  artificial  selection,  since  we  are  thereby  better  enabled 
to  understand  the  action  of  natural  selection,  to  be  discussed  in  the 
succeeding  chapter. 

The  facts  of  Variation  and  Artificial  Selection. 

Every  one  knows  that  in  each  litter  of  kittens  or  of  puppies  no 
two  are  alike.  Even  in  the  case  in  which  several  are  exactly  alike  in 
color,  other  differences  are  always  perceptible  to  those  who  observe 
them  closely.  They  will  differ  in  size,  in  the  proportions  of  their 
bodies  and  limbs,  in  the  length  and  texture  of  their  hairy  covering, 
and  notably  in  their  dispositions.  They  each  possess,  too,  an  indi- 
vidual countenance,  almost  as  varied  when  closely  studied  as  that  of  a 
human  being ;  not  only  can  a  shepherd  distinguish  every  sheep  in  his 
flock,  but  we  all  know  that  each  kitten  in  the  successive  families  of 
our  old  favorite  cat  has  a  face  of  its  own,  with  an  expression  and 
individuality  distinct  from  all  its  brothers  and  sisters.  Now  this 
individual  variability  exists  among  all  creatures  whatever  which  we 
can  closely  observe,  even  when  the  two  parents  are  very  much  alike 
and  have  been  matched  in  order  to  preserve  some  special  breed.  The 
same  thing  occurs  in  the  vegetable  kingdom.  All  plants  raised  from 
seed  differ  more  or  less  from  each  other.  In  every  bed  of  flowers  or 
of  vegetables  we  shall  find,  if  we  look  closely,  that  there  are  countless 
small  differences, —  in  the  size,  in  the  mode  of  growth,  in  the  shape  or 
color  of  the  leaves,  in  the  form,  color,  or  markings  of  the  flowers,  or 
in  the  size,  form,  color,  or  flavor  of  the  fruit.  These  differences  are 
usually  small,  but  are  yet  easily  seen,  and  in  their  extremes  are  very 
considerable  ;  and  they  have  this  important  quality,  that  they  have  a 
tendency  to  be  reproduced,  and  thus  by  careful  breeding  any  par- 
ticular variation  or  group  of  variations  can  be  increased  to  an  enormous 
extent, —  apparently  to  any  extent  not  incompatible  with  the  life, 
growth,  and  reproduction  of  the  plant  or  animal. 

The  way  this  is  done  is  by  artificial  selection,  and  it  is  very 
important  to  understand  this  process  and  its  results.  Suppose  we 
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have  a  plant  with  a  small  edible  seed,  and  we  want  to  increase  the 
size  of  that  seed.  We  grow  as  large  a  quantity  of  it  as  possible,  and 
when  the  crop  is  ripe  we  carefully  choose  a  few  of  the  very  largest 
seeds,  or  we  may  by  means  of  a  sieve  sort  out  a  quantity  of  the  largest 
seeds.  Next  year  we  sow  only  these  large  seeds,  taking  care  to  give 
them  suitable  soil  and  manure,  and  the  result  is  found  to  be  that  the 
average  size  of  the  seeds  is  larger  than  in  the  first  crop,  and  that  the 
largest  seeds  are  now  somewhat  larger  and  more  numerous.  Again 
sowing  these,  we  obtain  a  further  slight  increase  of  size,  and  in  a  very 
few  years  we  obtain  a  greatly  improved  race,  which  will  always  pro- 
duce larger  seeds  than  the  unimproved  race,  even  if  cultivated  without 
any  special  care.  In  this  way  aU  our  fine  sorts  of  vegetables,  fruits, 
and  flowers  have  been  obtained,  all  our  choice  breeds  of  cattle  or  of 
poultry,  our  wonderful  race-horses,  and  our  endless  varieties  of  dogs. 
It  is  a  very  common  but  mistaken  idea  that  this  improvement  is  due 
to  crossing  and  feeding  in  the  case  of  animals,  and  to  improved 
cultivation  in  the  case  of  plants.  Crossing  is  occasionally  used  in 
order  to  obtain  a  combination  of  qualities  found  in  two  distinct  breeds, 
and  also  because  it  is  found  to  increase  the  constitutional  vigor ;  but 
every  breed  possessing  any  exceptional  quality  is  the  result  of  the 
selection  of  variations  occurring  year  after  year  and  accumulated  in 
the  manner  just  described.  Purity  of  breed,  with  repeated  selection 
of  the  best  varieties  of  that  breed,  is  the  foundation  of  all  improvement 
in  our  domestic  animals  and  cultivated  plants. 

Proofs  of  the   Generality  of  Variation. 

Another  very  common  error  is,  that  variation  is  the  exception,  and 
rather  a  rare  exception,  and  that  it  occurs  only  in  one  direction  at  a 
time ;  that  is,  that  only  one  or  two  of  the  numerous  possible  modes  of 
variation  occur  at  the  same  time.  The  experience  of  breeders  and 
cultivators,  however,  proves  that  variation  is  the  rule  instead  of  the 
exception,  and  that  it  occurs,  more  or  less,  in  almost  every  direction. 
This  is  shown  by  the  fact  that  different  species  of  plants  and  animals 
have  required  different  kinds  of  modification  to  adapt  them  to  our 
use,  and  we  have  never  failed  to  meet  with  variation  in  that  particular 
direction,  so  as  to  enable  us  to  accumulate  it  and  so  to  produce  ulti- 
mately a  large  amount  of  change  in  the  required  direction.  Our 
gardens  furnish  us  with  numberless  examples  of  this  property  of 
plants.  In  the  cabbage  and  lettuce  we  have  found  variation  in  the 
size  and  mode  of  growth  of  the  leaf,  enabling  us  to  produce  by  selec- 
tion the  almost  innummerable  varieties,  some  with  solid  heads  of 
foliage  quite  unlike  any  plant  in  a  state  of  Nature,  others  with 
curiously  wrinkled  leaves  like  the  savoy,  others  of  a  deep  purple 
color  uised  for  pickling.  From  the  very  same  species  as  the  cabbage 
(Brassica  oleraced)  have  arisen  the  broccoli  and  cauliflower,  in  which 
the  leaves  have  undergone  little  alteration,  while  the  branching  heads 
of  flowers  grow  into  a  compact  mass  forming  one  of  our  most  delicate 
vegetables.  The  brussels  sprouts  are  another  form  of  the  same  plant, 
in  which  the  whole  mode  of  growth  has  been  altered,  numerous  little 
heads  of  leaves  being  produced  on  the  stem.  In  other  varieties  the 
ribs  of  the  leaves  are  thickened  so  as  to  become  themselves  a  culinary 
vegetable ;  while,  in  the  Kohlrabi,  the  stem  grows  into  a  turnip-like 
mass  just  above  ground.  Now  all  these  extraordinarily  distinct  plants 
come  from  one  original  species  which  still  grows  wild  on  our  coasts ; 
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and  it  must  have  varied  in  all  these  directions,  otherwise  variations 
could  not  have  been  accumulated  to  the  extent  we  now  see  them.  The 
flowers  and  seeds  of  all  these  plants  have  remained  nearly  stationary, 
because  no  attempt  has  been  made  to  accumulate  the  slight  variations 
that  no  doubt  occur  in  them. 

If  now  we  turn  to  another  set  of  plants, — the  turnips,  radishes,  car- 
rots, and  potatoes, — we  find  that  the  roots  or  underground  tubers  have 
been  wonderfully  enlarged  and  improved,  and  also  altered  in  shape 
and  color,  while  the  stems,  leaves,  flowers,  and  fruits  have  remained 
almost  unchanged.  In  the  various  kinds  of  peas  and  beans  it  is  the 
pod  or  fruit  and  the  seed  that  has  been  subjected  to  selection,  and 
therefore  greatly  modified :  and  it  is  here  very  important  to  notice 
that  while  all  these  plants  have  undergone  cultivation  in  a  great 
variety  of  soils  and  climates,  with  different  manures  and  under  dif- 
ferent systems,  yet  the  flowers  have  remained  but  little  altered,  those 
of  the  broad  bean,  the  scarlet-runner,  and  the  garden-pea,  being  nearly 
the  same  in  all  the  varieties.  This  shows  us  how  little  change  is  pro- 
duced by  mere  cultivation,  or  even  by  variety  of  soil  and  climate,  if 
there  is  no  selection  to  preserve  and  accumulate  the  small  variations 
that  are  constantly  occurring.  When,  however,  a  great  amount  of 
modification  has  been  effected  in  one  country,  change  to  another 
country  produces  a  decided  effect.  Thus  it  has  been  found  that  some 
of  the  numerous  varieties  of  maize  produced  and  cultivated  in  the 
United  States  change  considerably,  not  only  in  their  size  and  color, 
but  even  in  the  shape  of  the  seed  when  grown  for  a  few  successive 
years  in  Germany.*  In  all  our  cultivated  fruit-trees  the  fruits  vary 
immensely  in  shape,  size,  color,  flavor,  time  of  ripening,  and  other 
qualities,  while  the  leaves  and  flowers  usually  differ  so  little  that  they 
are  hardly  distinguishable  except  to  a  very  close  observer. 

Variations  of  Apples  and  Melons. 

The  most  remarkable  varieties  are  afforded  by  the  apple  and  the 
melon,  and  some  account  of  these  will  be  given  as  illustrating  the 
effects  of  slight  variations  accumulated  by  selection.  All  our  apples 
are  known  to  have  descended  from  the  common  crab  of  our  hedges 
(Pyrus  malus),  and  from  this  at  least  a  thousand  distinct  varieties 
have  been  produced.  These  differ  greatly  in  the  size  and  form  of  the 
fruit,  in  its  color,  and  in  the  texture  of  the  skin.  They  further  differ 
in  the  time  of  ripening,  in  their  flavor,  and  in  their  keeping  properties ; 
but  apple-trees  also  differ  in  many  other  ways.  The  foliage  of  the 
different  varieties  can  often  be  distinguished  by  peculiarities  of  form 
and  color,  and  it  varies  considerably  in  the  time  of  its  appearance ; 
in  some  hardly  a  leaf  appears  till  the  tree  is  in  full  bloom,  while  others 
produce  their  leaves  so  early  as  almost  to  hide  the  flowers.  The  flowers 
differ  in  size  and  color,  and  in  one  case  in  structure  also,  that  of  the 
St.  Valery  apple  having  a  double  calyx  with  ten  divisions,  and  four- 
teen styles  with  oblique  stigmas,  but  without  stamens  or  corolla.  The 
flowers,  therefore,  have  to  be  fertilized  with  the  pollen  from  other 
varieties  in  order  to  produce  fruit.  The  pips  or  seeds  differ  also  in 
shape,  size,  and  color ;  some  varieties  are  liable  to  canker  more  than 
others,  while  the  Winter  Majetin  and  one  or  two  others  have  the 
strange  constitutional  peculiarity  of  never  being  attacked  by  the 

*  Darwin,  Animals  and  Plants  under  Domestication,  vol.  i.  p.  322. 
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mealy  bug  even  when  all  the  other  trees  in  the  same  orchard  are 
infested  with  it. 

All  the  cucumbers  and  gourds  vary  immensely,  but  the  melon 
(Cueumis  melo)  exceeds  them  all.  A  French  botanist,  M.  Naudin, 
devoted  six  years  to  their  study.  He  found  that  previous  botanists 
had  described  thirty  distinct  species,  as  they  thought,  which  were 
really  only  varieties  of  melons.  They  differ  chiefly  in  their  fruits,  but 
also  vary  much  in  foliage  and  mode  of  growth.  Some  melons  are  only 
as  large  as  small  plums,  others  weigh  as  much  as  sixty-six  pounds. 
One  variety  has  a  scarlet  fruit.  Another  is  not  more  than  an  inch  in 
diameter,  but  sometimes  more  than  a  yard  in  length,  twisting  about 
in  all  directions  like  a  serpent.  Some  melons  are  exactly  like  cucum- 
bers; and  an  Algerian  variety,  when  ripe,  cracks  and  falls  to  pieces, 
just  as  occurs  in  a  wild  gourd  (C.  momordica).* 

Variations   of  Flowers. 

Turning  to  flowers,  we  find  that  in  the  same  genus  as  our  currant 
and  gooseberry,  which  we  have  cultivated  for  their  fruits,  there  are 
some  ornamental  species,  as  the  Mibes  sanguinea,  and  in  these  the 
flowers  have  been  selected  so  as  to  produce  deep  red,  pink,  or  white 
varieties.  When  any  particular  flower  becomes  fashionable  and  is 
grown  in  large  quantities,  variations  are  always  met  with  sufficient  to 
produce  great  varieties  of  tint  or  marking,  as  shown  by  our  roses, 
auriculas,  and  geraniums.  When  varied  leaves  are  required,  it  is 
found  that  a  number  of  plants  vary  sufficiently  in  this  direction  also, 
and  we  have  zonal  geraniums,  variegated  ivies,  gold  and  silver  marked 
hollies,  and  many  others. 

Variations  of  Domestic  Animals. 

Coming  now  to  our  domesticated  animals,  we  find  still  more  extra- 
ordinary cases ;  and  it  appears  as  if  any  special  quality  or  modification 
in  an  animal  can  be  obtained  if  we  only  breed  it  in  sufficient  quantity, 
watch  carefully  for  the  required  variations,  and  carry  on  selection  with 
patience  and  skill  for  a  sufficiently  long  period.  Thus,  in  sheep,  we 
have  enormously  increased  the  wool,  and  have  obtained  the  power  of 
rapidly  forming  flesh  and  fat ;  in  cows  we  have  increased  the  produc- 
tion of  milk;  in  horses  we  have  obtained  strength,  endurance,  or 
speed,  and  have  greatly  modified  size,  form,  and  color ;  in  poultry  we 
have  secured  various  colors  of  plumage,  increase  of  size,  and  almost 
perpetual  egg-laying.  But  it  is  in  dogs  and  pigeons  that  the  most 
marvelous  changes  have  been  effected,  and  these  require  our  special 
attention. 

Our  various  domestic  dogs  are  believed  to  have  originated  from 
several  distinct  wild  species,  because  in  every  part  of  the  world  the 
native  dogs  resemble  some  wild  dogs  or  wolves  of  the  same  country. 
Thus  perhaps  several  species  of  wolves  and  jackals  were  domesticated 
in  very  early  times ;  and  from  breeds  derived  from  these,  crossed  and 
improved  by  selection,  our  existing  dogs  have  descended.  But  this 
intermixture  of  distinct  species  will  go  a  very  little  way  in  accounting 
for  tbe  peculiarities  of  the  different  breeds  of  dogs,  many  of  which  are 
totally  unlike  any  wild  animal.  Such  is  the  case  with  greyhounds, 

*  These  facts  are  taken  from  Darwin's  Domesticated  Animals  and  Cultivated 
Plants,  vol.  i.  pp.  359,  360,  392-401;  vol.  ii.  pp.  231,  275,  330. 
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bloodhounds,  bulldogs,  Blenheim  spaniels,  terriers,  pugs,  turnspits, 
pointers,  and  many  others;  and  these  differ  so  greatly  in  size,  shape, 
color,  and  habits,  as  well  as  in  the  form  and  proportions  of  all  the  dif- 
ferent parts  of  the  body,  that  it  seems  impossible  that  they  could  have 
descended  from  any  of  the  known  wild  dogs,  wolves,  or  allied  animals, 
none  of  which  differ  nearly  so  much  in  size,  form,  and  proportions. 
We  have  here  a  remarkable  proof  that  variation  is  not  confined  to 
superficial  characters, — to  the  color,  hair,  or  external  appendages, — 
when  we  see  how  the  entire  skeletons  of  such  forms  as  the  greyhound 
and  the  bulldog  have  been  gradually  changed  in  opposite  directions 
till  they  are  both  completely  unlike  that  of  any  known  wild  animal, 
recent  or  extinct.  These  changes  have  been  the  result  of  some 
thousands  of  years  of  domestication  and  selection,  different  breeds 
being  used  and  preserved  for  different  purposes ;  but  some  of  the  best 
breeds  are  known  to  have  been  improved  and  perfected  in  modern 
times.  About  the  middle  of  the  last  century  a  new  and  improved  kind 
of  foxhound  was  produced ;  the  greyhound  was  also  greatly  improved 
at  the  end  of  the  last  century,  while  the  true  bulldog  was  brought  to 
perfection  about  the  same  period.  The  Newfoundland  dog  has  been 
so  much  changed  since  it  was  first  imported  that  it  is  now  quite  unlike 
any  existing  native  dog  in  that  island.* 

Domestic  Pigeons. 

The  most  remarkable  and  instructive  example  of  variation  produced 
by  human  selection  is  afforded  by  the  various  races  and  breeds  of 
domestic  pigeons,  not  only  because  the  variations  produced  are  often 
most  extraordinary  in  amount  and  diverse  in  character,  but  because 
in  this  case  there  is  no  doubt  whatever  that  all  have  been  derived  from 
one  wild  species,  the  common  rock-pigeon  ( Columba  livid).  As  this  is 
a  very  important  point  it  is  well  to  state  the  evidence  on  which  the 
belief  is  founded.  The  wild  rock-pigeon  is  of  a  slaty-blue  color,  the 
tail  has  a  dark  band  across  the  end,  the  wings  have  two  black  bands, 
and  the  outer  tail-feathers  are  edged  with  white  at  the  base.  No 
other  wild  pigeon  in  the  world  has  this  combination  of  characters. 
Now  in  every  one  of  the  domestic  varieties,  even  the  most  extreme,  all 
the  above  marks,  even  to  the  white  edging  of  the  outer  tail-feathers, 
are  sometimes  found  perfectly  developed.  When  birds  belonging  to 
two  distinct  breeds  are  crossed  one  or  more  times,  neither  of  the 
parents  being  blue,  or  having  any  of  the  above-named  marks,  the 
mongrel  offspring  are  very  apt  to  acquire  some  of  these  characters. 
Mr.  Darwin  gives  instances  which  he  observed  himself.  He  crossed 
some  white  fantails  with  some  black  barbs,  and  the  mongrels  were 
black,  brown,  or  mottled.  He  also  crossed  a  barb  with  a  spot,  which 
is  a  white  bird  with  a  red  tail  and  red  spot  on  the  forehead,  and  the 
mongrel  offspring  were  dusky  and  mottled.  On  now  crossing  these 
two  sets  of  mongrels  with  each  other,  he  obtained  a  bird  of  a  beautiful 
blue  color,  with  the  barred  and  white-edged  tail,  and  double-banded 
wings,  so  as  almost  exactly  to  resemble  a  wild  rock-pigeon.  This  bird 
was  descended  in  the  second  generation  from  a  pure  white  and  pure 
black  bird,  both  of  which  when  unmixed  breed  their  kind  remarkably 
true.  These  facts,  well  known  to  experienced  pigeon-fanciers,  together 
with  the  habits  of  the  birds,  which  all  like  to  nest  in  holes,  or  dove- 

*  8e«  Darwin's  Animals  and  Plants  under  Domestication,  vol.  i.  pp.  40-42. 
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cots,  not  in  trees  like  the  great  majority  of  wild  pigeons,  have  led  to 
the  general  belief  in  the  single  origin  of  all  the  different  kinda 

In  order  to  afford  some  idea  of  the  great  differences  which  exist 
among  domesticated  pigeons,  it  will  be  well  to  give  a  brief  extract  of 
Mr.  Darwin's  account  of  them.  He  divides  them  into  eleven  distinct 
races,  most  of  which  have  several  sub-races. 

RACE  I.  Pouters. — These  are  especially  distinguished  by  the 
enormously  enlarged  crop,  which  can  be  so  inflated  in  some  birds  as 
almost  to  conceal  the  beak.  They  are  very  long  in  the  body  and  legs 
and  stand  almost  upright,  so  as  to  present  a  very  distinct  appearance. 
Their  skeleton  has  become  modified,  the  ribs  being  broader  and  the 
vertebrae  more  numerous  than  in  other  pigeons. 

RACE  II.  Carriers. — These  are  large,  long-necked  birds,  with  a  long 
pointed  beak,  and  the  eyes  surrounded  with  a  naked  carunculated  skin 
or  wattle,  which  is  also  largely  developed  at  the  base  of  the  beak.  The 
opening  of  the  mouth  is  unusually  wide.  There  are  several  sub-races, 
one  being  called  Dragons. 

RACE  III.  Runts.  —  These  are  very  large-bodied,  long-beaked 
pigeons,  with  naked  skin  round  the  eyes.  The  wings  are  usually  very 
long,  the  legs  long,  and  the  feet  large,  and  the  skin  of  the  neck  is 
often  red.  There  are  several  sub-races,  and  these  differ  very  much, 
forming  a  series  of  links  between  the  wild  rock-pigeon  and  the  carrier. 

RACE  IV.  Barbs. — These  are  remarkable  for  their  very  short  and 
thick  beak,  so  unlike  that  of  most  pigeons  that  fanciers  compare  it 
with  that  of  a  bullfinch.  They  have  also  a  naked  carunculated  skin 
round  the  eyes,  and  the  skin  over  the  nostrils  swollen. 

RACE  V.  Fantails. — Short-bodied  and  rather  small-beaked  pigeons, 
with  an  enormously  developed  tail,  consisting  usually  of  from  fourteen 
to  forty  feathers  instead  of  twelve,  the  regular  number  in  all  other 
pigeons,  wild  and  tame.  The  tail  spreads  out  like  a  fan  and  is  usually 
carried  erect,  and  the  bird  bends  back  its  slender  neck,  so  that  in 
highly-bred  varieties  the  head  touches  the  tail.  The  feet  are  small, 
and  they  walk  stiffly. 

RACE  VI.  Turbits  and  Owls. — These  are  characterized  by  the 
feathers  of  the  middle  of  the  neck  and  breast  in  front  spreading  out 
irregularly  so  as  to  form  a  frill.  The  Turbits  also  have  a  crest  on 
the  head,  and  both  have  the  beak  exceedingly  short. 

RACE  VII.  Tumblers. — These  have  a  small  body  and  short  beak, 
but  they  are  specially  distinguished  by  the  singular  habit  of  tumbling 
over  backwards  during  flight.  One  of  the  sub-races,  the  Indian  Lotan 
or  Ground  tumbler,  if  slightly  shaken  and  placed  on  the  ground,  will 
immediately  begin  tumbling  head  over  heels  until  taken  up  and 
soothed.  If  not  taken  up,  some  of  them  will  go  on  tumbling  till  they 
die.  Some  English  tumblers  are  almost  equally  persistent.  A  writer, 
quoted  by  Mr.  Darwin,  says  that  these  birds  generally  begin  to  tumble 
almost  as  soon  as  they  can  fly;  "at  three  months  old  they  tumble  well, 
but  still  fly  strong ;  at  five  or  six  months  they  tumble  excessively ; 
and  in  the  second  year  they  mostly  give  up  flying,  on  account  of  their 
tumbling  so  much  and  so  close  to  the  ground.  Some  fly  round  with 
the  flock,  throwing  a  clean  summersault  every  few  yards  till  they  are 
obliged  to  settle  from  giddiness  and  exhaustion.  These  are  called  Air- 
tumblers,  and  they  commonly  throw  from  twenty  to  thirty  summer- 
saults in  a  minute,  each  clear  and  clean.  I  have  one  red  cock  that  I 
have  on  two  or  three  occasions  timed  by  my  watch,  and  counted  forty 
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tummersaults  in  the  minute.  At  first  they  throw  a  single  summer- 
sault, then  it  is  double,  till  it  becomes  a  continuous  roll,  which  puts  an 
end  to  flying,  for  if  they  flew  a  few  yards  over  they  go,  and  roll  till 
they  reach  the  ground.  Thus  I  had  one  kill  herself,  and  another  broke 
his  leg.  Many  of  them  turn  over  only  a  few  inches  from  the  ground, 
and  will  tumble  two  or  three  times  in  flying  across  their  loft.  These 
are  called  House-tumblers  from  tumbling  in  the  house.  The  act  of 
tumbling  seems  to  be  one  over  which  they  have  no  control,  an  involun- 
tary movement  which  they  seem  to  try  to  prevent.  I  have  seen  a 
bird  sometimes  in  his  struggles  fly  a  yard  or  two  straight  upwards, 
the  impulse  forcing  him  backwards  while  he  struggles  to  go  for- 
wards." * 

The  Short^faced  tumblers  are  an  improved  sub-race  which  have 
almost  lost  the  power  of  tumbling,  but  are  valued  for  possessing  some 
other  characteristics  in  an  extreme  degree.  They  are  very  small,  have 
almost  globular  heads,  and  a  very  minute  beak,  so  that  fanciers  say 
the  head  of  a  perfect  bird  should  resemble  a  cherry  with  a  barleycorn 
stuck  in  it.  Some  of  these  weigh  less  than  seven  ounces,  whereas  the 
wild  rock-pigeon  weighs  about  fourteen  ounces.  The  feet,  too,  are 
very  short  and  small,  and  the  middle  toe  has  twelve  or  thirteen  instead 
of  fourteen  or  fifteen  scutellse.  They  have  often  only  nine  primary 
wing-feathers  instead  of  ten  as  in  all  other  pigeons. 

BACE  VIII.  Indian  Frillback. — In  these  birds  the  beak  is  very 
short,  and  the  feathers  of  the  whole  body  are  reversed  or  turn 
backwards. 

RACE  IX.  Jacobin. — These  curious  birds  have  a  hood  of  feathers 
almost  inclosing  tbe  head  and  meeting  in  front  of  the  neck.  The 
wings  and  tail  are  unusually  long. 

RACE  X.  Trumpeter. — Distinguished  by  a  tuft  of  feathers  curling 
forwards  over  the  beak,  and  the  feet  very  much  feathered.  They 
obtain  their  name  from  the  peculiar  voice,  unlike  that  of  any  other 
pigeon.  The  coo  is  rapidly  repeated,  and  is  continued  for  several 
minutes.  The  feet  are  covered  with  feathers  so  large  as  often  to  appear 
like  little  wings. 

RACE  XI.  comprises  Laughers,  Frillbacks,  2?uns,  Spots,  and 
Swallows. — They  are  all  very  like  the  common  rock-pigeon,  but  have 
each  some  slight  peculiarity.  The  Laughers  have  a  peculiar  voice, 
supposed  to  resemble  a  laugh.  The  Nuns  are  white,  with  the  head, 
taU,  and  primary  wing-feathers  black  or  red.  The  spots  are  white, 
with  the  tail  and  a  spot  on  the  forehead  red.  The  Swallows  are 
slender,  white  in  color,  with  the  head  and  wings  of  some  darker 
color. 

Besides  these  races  and  sub-races  a  number  of  other  kinds  have 
been  described,  and  about  one  hundred  and  fifty  varieties  can  be 
distinguished.  It  is  interesting  to  note  that  almost  every  part  of  the 
bird,  whose  variations  can  be  noted  and  selected,  has  led  to  variations 
of  a  considerable  extent,  and  many  of  these  have  necessitated  changes 
in  the  plumage  and  in  the  skeleton  quite  as  great  as  any  that  occur  in 
the  numerous  distinct  species  of  large  genera.  The  form  of  the  skull 
and  beak  varies  enormously,  so  that  the  skulls  of  the  Short-faced 
tumbler  and  some  of  the  Carriers  differ  more  than  any  wild  pigeons, 

*  Mr.  Brent  in  Journal  of  Horticulture,  1861,  p.  76 ;  quoted  by  Darwin, 
Animal*  and  Plant*  under  jyomtttlcation,  vol.  i.  p.  151. 
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even  those  classed  in  distinct  genera.  The  breadth  and  number  of 
the  ribs  vary,  as  well  as  the  processes  of  them ;  the  number  of  the 
vertebrae  and  the  length  of  the  sternum  also  vary ;  and  the  perforations 
in  the  sternum  vary  in  size  and  shape.  The  oil-gland  varies  in 
development,  and  is  sometimes  absent.  The  number  of  the  wing- 
feathers  varies,  and  those  of  the  tail  to  an  enormous  extent.  The 
proportions  of  the  leg  and  feet  and  the  number  of  the  scutellee  also 
vary.  The  eggs  also  vary  somewhat  in  size  and  shape ;  and  the 
amount  of  downy  clothing  on  the  young  bird,  when  first  hatched, 
differs  very  considerably.  Finally,  the  attitude  of  the  body,  the 
manner  of  walking,  the  mode  of  flight,  and  the  voice,  all  exhibit 
modifications  of  the  most  remarkable  kind.* 

A.  cclimatization. 

A  very  important  kind  of  variation  is  that  constitutional  change 
termed  acclimatization,  which  enables  any  organism  to  become 
gradually  adapted  to  a  different  climate  from  the  parent  stock.  As 
closely  allied  species  often  inhabit  different  countries  possessing  very 
different  climates,  we  should  expect  to  find  cases  illustrating  this 
change  among  our  domesticated  animals  and  cultivated  plants.  A 
few  examples  will  therefore  be  adduced  showing  that  such  constitu- 
tional variation  does  occur. 

Among  animals  the  cases  are  not  numerous,  because  no  systematic 
attempt  has  been  made  to  select  varieties  for  this  special  quality.  It 
has,  however,  been  observed  that,  though  no  European  dogs  thrive 
well  in  India,  the  Newfoundland  dog,  originating  from  a  severe 
climate,  can  hardly  be  kept  alive.  A  better  case,  perhaps,  is  furnished 
by  merino  sheep,  which,  when  imported  directly  from  England,  do 
not  thrive,  while  those  which  have  been  bred  in  the  intermediate 
climate  of  the  Cape  of  Good  Hope  do  much  better.  When  geese  were 
first  introduced  into  Bogota,  they  laid  few  eggs  at  long  intervals,  and 
few  of  the  young  survived.  By  degrees,  however,  the  fecundity 
improved,  and  in  about  twenty  years  became  equal  to  what  it  is  in 
Europe.  According  to  Garcilaso,  when  fowls  were  first  introduced 
.into  Peru  they  were  not  fertile,  whereas  now  they  are  as  much  so  as 
in  Europe. 

Plants  furnish  much  more  important  evidence.  Our  nurserymen 
distinguish  in  their  catalogues  varieties  of  fruit-trees  which  are  more 
or  less  hardy,  and  this  is  especially  the  case  in  America,  where  certain 
varieties  only  will  stand  the  severe  climate  of  Canada.  There  is  one 
variety  of  pear,  the  Forelle,  which  both  in  England  and  France  with- 
stood frosts  that  killed  flowers  and  buds  of  all  other  kinds  of  pears. 
Wheat,  which  is  grown  over  so  large  a  portion  of  the  world,  has 
become  adapted  to  special  climates.  Wheat  imported  from  India  and 
grown  in  good  wheat  soil  in  England  produced  the  most  meagre  ears ; 
while  wheat  taken  from  France  to  the  West  Indian  Islands  produced 
either  wholly  barren  spikes  or  spikes  furnished  with  two  or  three 
miserable  seeds,  while  West  Indian  seed  by  its  side  yielded  an  enormous 
harvest.  The  orange  was  very  tender  when  first  introduced  into 
Italy,  and  continued  so  as  long  as  it  was  propagated  by  grafts,  but 
when  trees  were  raised  from  seed  many  of  these  were  found  to  be 

*  This  account  of  domestic  pigeons  is  greatly  condensed  from  Mr.  Darwin's 
work  already  referred  to. 
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hardier,  and  the  orange  is  now  perfectly  acclimatized  in  Italy.  Sweet- 
peas  (Lathyrus  odoratus)  imported  from  England  to  the  Calcutta  Bo- 
tanic Gardens  produced  few  blossoms  and  no  seed ;  those  from  France 
flowered  a  little  better,  but  still  produced  no  seed,  but  plants  raised 
from  seed  brought  from  Darjeehng  in  the  Himalayas,  but  originally 
derived  from  England,  flower  and  seed  profusely  in  Calcutta.* 

An  observation  by  Mr.  Darwin  himself  is  perhaps  even  more 
instructive.  He  says :  "  On  24th  May,  1864,  there  was  a  severe  frost 
in  Kent,  and  two  rows  of  scarlet  runners  (JPhaseolus  multiflorus)  in 
my  garden,  containing  390  plants  of  the  same  age  and  equally  exposed, 
were  all  blackened  and  killed  except  about  a  dozen  plants.  In  an 
adjoining  row  of  Fulmer's  dwarf  bean  ^Phaseolus  vulgaris)  one  single 
plant  escaped.  A  stil?  more  severe  frost  occurred  four  days  afterwards, 
and  of  the  dozen  plants  which  had  previously  escaped  only  three  sur- 
vived ;  these  were  not  taller  or  more  vigorous  than  the  other  young 
plants,  but  they  escaped  completely,  with  not  even  the  tips  of  their 
leaves  browned.  It  was  impossible  to  behold  these  three  plants,  with 
their  blackened,  withered,  and  dead  brethren  all  around  them,  and 
not  see  at  a  glance  that  they  differed  widely  in  their  constitutional 
power  of  resisting  frost." 

The  preceding  sketch  of  the  variation  that  occurs  among  domestic 
animals  and  cultivated  plants  shows  how  wide  it  is  in  range  and  how 
great  in  amount;  and  we  have  good  reason  to  believe  that  similar 
variation  extends  to  all  organized  beings.  In  the  class  of  fishes,  for 
example,  we  have  one  kind  which  has  been  long  domesticated  in  the 
East — the  gold  and  silver  carps ;  and  these  present  great  variation, 
not  only  of  color  but  in  the  form  and  structure  of  the  fins  and  other 
external  organs.  In  like  manner,  the  only  domesticated  insects,  hive 
bees  and  silkworms,  present  numbers  of  remarkable  varieties  which 
have  been  produced  by  the  selection  of  chance  variations,  just  as  in 
the  case  of  plants  and  the  higher  animals. 

Circumstances  favorable  to  Selection  by  Man. 

It  may  be  supposed  that  the  systematic  selection  which  has  been 
employed  for  the  purpose  of  improving  the  races  of  animals  or  plants 
useful  to  man  is  of  comparatively  recent  origin,  though  some  of  the 
different  races  are  known  to  have  been  in  existence  in  very  early 
times.  But  Mr.  Darwin  has  pointed  out  that  unconscious  selection 
must  have  begun  to  produce  an  effect  as  soon  as  plants  were  cultivated 
or  animals  domesticated  by  man.  It  would  have  been  very  soon 
observed  that  animals  and  plants  produced  their  like,  that  seed  of 
early  wheat  produced  early  wheat,  that  the  offspring  of  very  swift 
dogs  were  also  swift ;  and  as  every  one  would  try  to  have  a  good  rather 
than  a  bad  sort  this  would  necessarily  lead  to  the  slow  but  steady 
improvement  of  all  useful  plants  and  animals  subject  to  man's  care. 
Soon  there  would  arise  distinct  breeds,  owing  to  the  varying  uses  to 
which  the  animals  and  plants  were  put.  Dogs  would  be  wanted  chiefly 
to  hunt  one  kind  of  game  in  one  part  of  the  country  and  another  kind 
elsewhere ;  for  one  purpose  scent  would  be  more  important,  for  another 
swiftness,  for  another  strength  and  courage,  for  yet  another  watch- 
fulness and  intelligence,  and  this  would  soon  lead  to  the  formation  of 
very  distinct  races.  In  the  case  of  vegetables  and  fruits,  different 

*  Animals  and  Plants  under  DomestteaUon,  voL  it  pp.  307-811. 
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varieties  would  be  found  to  succeed  best  in  certain  soils  and  climates ; 
some  might  be  preferred  on  account  of  the  quantity  of  food  they  pro- 
duced, others  for  their  sweetness  and  tenderness,  while  other*  might 
be  more  useful  on  account  of  their  ripening  at  a  particular  season, 
and  thus  again  distinct  varieties  would  be  established.  An  instance 
of  unconscious  selection  leading  to  distinct  results  in  modern  times  is 
afforded  by  two  flocks  of  Leicester  sheep  which  both  originated  from 
the  same  stock,  and  were  then  bred  pure  for  upwards  of  fifty  years 
by  two  gentlemen,  Mr.  Buckley  and  Mr.  Burgess.  Mr.  Youatt,  one 
of  the  greatest  authorities  on  breeding  domestic  animals,  says: 
"  There  is  not  a  suspicion  existing  in  the  mind  of  any  one  at  all 
acquainted  with  the  subject  that  the  owner  of  either  of  them  has 
deviated  in  any  one  instance  from  the  pure  blood  of  Mr.  Bakewell's 
original  flock,  and  yet  the  difference  between  the  sheep  possessed  by 
these  two  gentlemen  is  so  great  that  they  have  the  appearance  of 
being  quite  different  varieties."  In  this  case  there  was  no  desire  to 
deviate  from  the  original  breed,  and  the  difference  must  have  arisen 
from  some  slight  difference  of  taste  or  judgment  in  selecting,  each 
year,  the  parents  for  the  next  year's  stock,  combined  perhaps  with 
some  direct  effect  of  the  slight  difference  of  climate  and  soil  on  the 
two  farms. 

Most  of  our  domesticated  animals  and  cultivated  plants  have  come 
to  us  from  the  earliest  seats  of  civilization  in  Western  Asia  or  Egypt, 
and  have  therefore  been  the  subjects  of  human  care  and  selection  for 
some  thousands  of  years,  the  result  being  that,  in  many  cases,  we  do 
not  know  the  wild  stock  from  which  they  originally  sprang.  The 
horse,  the  camel,  and  the  common  bull  and  cow  are  nowhere  found  hi 
a  wild  state,  and  they  have  all  been  domesticated  from  remote  an- 
tiquity. The  original  of  the  domestic  fowl  is  still  wild  in  India  and  the 
Malay  Islands,  and  it  was  domesticated  in  Tn^a.  and  China  before  1400 
B.C.  It  was  introduced  into  Europe  about  600  B.C.  Several  distinct 
breeds  were  known  to  the  Romans  about  the  commencement  of  the 
Christian  era,  and  they  have  since  spread  all  over  the  civilized  world 
and  been  subjected  to  a  vast  amount  of  conscious  and  unconscious 
selection,  to  many  varieties  of  climate  and  to  differences  of  food;  the 
result  being  seen  in  the  wonderful  diversity  of  breeds  which  differ  quite 
as  remarkably  as  do  the  different  races  of  pigeons  already  described. 

In  the  vegetable  kingdom,  most  of  the  cereals — wheat,  barley,  etc. 
— are  unknown  as  truly  wild  plants ;  and  the  same  is  the  case  with 
many  vegetables,  for  De  Candolle  states  that  out  of  157  useful  culti- 
vated plants  thirty-two  are  quite  unknown  in  a  wild  state,  and  that 
forty  more  are  of  doubtful  origin.  It  is  not  improbable  that  most  of 
these  do  exist  wild,  but  they  have  been  so  profoundly  changed  by 
thousands  of  years  of  cultivation  as  to  be  quite  unrecognizable.  The 
peach  is  unknown  in  a  wild  state,  unless  it  is  derived  from  the  common 
almond,  on  which  point  there  is  much  difference  of  opinion  among 
botanists  and  horticulturists. 

The  immense  antiquity  of  most  of  our  cultivated  plants  sufficiently 
explains  the  apparent  absence  of  such  useful  productions  in  Australia 
and  the  Cape  of  Good  Hope,  notwithstanding  that  they  both  possess 
an  exceedingly  rich  and  varied  flora.  These  countries  having  been, 
until  a  comparatively  recent  period,  inhabited  only  by  uncivilized  men, 
neither  cultivation  nor  selection  has  been  carried  on  for  a  sufficiently 
long  time.  In  North  America,  however,  where  there  was  evidently 
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a  very  ancient  if  low  form  of  civilization,  as  indicated  by  the  remark- 
able mounds,  earthworks,  and  other  prehistoric  remains,  maize  was 
cultivated,  though  it  was  probably  derived  from  Peru ;  and  the  ancient 
civilization  of  that  country  and  of  Mexico  has  given  rise  to  no  fewer 
than  thirty-three  useful  cultivated  plants. 

Conditions  favorable  to  the  production  of  Variations, 
In  order  that  plants  and  animals  may  be  improved  and  modified  to 
any  considerable  extent,  it  is  of  course  essential  that  suitable  varia- 
tions should  occur  with  tolerable  frequency.  There  seems  to  be  three 
conditions  which  are  especially  favorable  to  the  production  of  varia- 
tions :  (1)  That  the  particular  species  or  variety  should  be  kept  in  very 
large  numbers ;  (2)  that  it  should  be  spread  over  a  wide  area,  and  thus 
subjected  to  a  considerable  diversity  of  physical  conditions ;  and  (3) 
that  it  should  be  occasionally  crossed  with  some  distinct  but  closely 
allied  race.  The  first  of  these  conditions  is  perhaps  the  most  im- 
portant, the  chance  of  variations  of  any  particular  kind  being  increased 
in  proportion  to  the  quantity  of  the  original  stock  and  of  its  annual 
offspring.  It  has  been  remarked  that  only  those  breeders  who  keep 
large  flocks  can  effect  much  improvement ;  and  it  is  for  the  same 
reason  that  pigeons  and  fowls  which  can  be  so  easily  and  rapidly  in- 
creased, and  which  have  been  kept  in  such  large  numbers  by  so  great 
a  number  of  persons,  have  produced  such  strange  and  numerous 
varieties.  In  like  manner,  nurserymen  who  grow  fruit  and  flowers  in 
large  quantities  have  a  great  advantage  over  private  amateurs  in  the 
production  of  new  varieties. 

Although  I  believe,  for  reasons  which  will  be  given  further  on,  that 
some  amount  of  variability  is  a  constant  and  necessary  property  of  all 
organisms,  yet  there  appears  to  be  good  evidence  to  show  that  changed 
conditions  of  life  tend  to  increase  it,  both  by  a  direct  action  on  the 
organization  and  by  indirectly  affecting  the  reproductive  system. 
Hence  the  extension  of  civilization,  by  favoring  domestication  under 
altered  conditions,  facilitates  the  process  of  modification.  Yet  this 
change  does  not  seem  to  be  an  essential  condition,  for  nowhere  has 
the  production  of  extreme  varieties  of  plants  and  flowers  been  carried 
further  than  in  Japan,  where  careful  selection  continued  for  many 
generations  must  have  been  the  chief  factor.  The  effect  of  occasional 
crosses  often  results  in  a  great  amount  of  variation,  but  it  also  leads 
to  instability  of  character,  and  is  therefore  very  little  employed  in  the 
production  of  fixed  and  well-marked  races.  For  this  purpose,  in  fact, 
it  has  to  be  carefully  avoided,  as  it  is  only  by  isolation  and  pure 
breeding  that  any  specially  desired  qualities  can  be  increased  by  selec- 
tion. It  is  for  this  reason  that  among  savage  peoples,  whose  animals 
run  half -wild,  little  improvement  takes  place;  and  the  difficulty  of 
isolation  also  explains  why  distinct  and  pure  breeds  of  cats  are  so 
rarely  met  with.  The  wide  distribution  of  useful  animals  and  plants 
from  a  very  remote  epoch  has,  no  doubt,  been  a  powerful  cause  of 
modification,  because  the  particular  breed  first  introduced  into  each 
country  has  often  been  kept  pure  for  many  years,  and  has  also  been 
subjected  to  slight  differences  of  conditions.  It  will  also  usually  have 
been  selected  for  a  somewhat  different  purpose  in  each  locality,  and 
thus  very  distinct  races  would  soon  originate. 

The  important  physiological  effects  of  crossing  breeds  or  strains, 
and  the  part  this  plays  in  the  economy  of  Nature,  will  be  explained  in 
a  future  chapter. 
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Concluding  Remarks. 

The  examples  of  variation  now  adduced — and  these  might  hare 
been  almost  indefinitely  increased — will  suffice  to  show  that  there  is 
hardly  an  organ  or  a  quality  in  plants  or  animals  which  has  not  been 
observed  to  vary ;  and  further,  that  whenever  any  of  these  variations 
have  been  useful  to  man  he  has  been  able  to  increase  them  to  a  mar- 
velous extent  by  the  simple  process  of  always  preserving  the  best 
varieties  to  breed  from.  Along  with  these  larger  variations  others  of 
smaller  amount  occasionally  appear,  sometimes  in  external,  sometimes 
in  internal  characters,  the  very  bones  of  the  skeleton  often  changing 
slightly  in  form,  size,  or  number ;  but  as  these  secondary  characters 
have  been  of  no  use  to  man,  and  have  not  been  specially  selected  by 
him,  they  have,  usually,  not  been  developed  to  any  great  amount 
except  when  they  have  been  closely  dependent  on  those  external 
characters  which  he  has  largely  modified. 

As  man  has  considered  only  utility  to  himself,  or  the  satisfaction  of 
his  love  of  beauty,  of  novelty,  or  merely  of  something  strange  or 
amusing,  the  variations  he  has  thus  produced  have  something  of  the 
character  of  monstrosities.  Not  only  are  they  often  of  no  use  to  the 
animals  or  plants  themselves,  but  they  are  not  unfrequently  injurious 
to  them.  In  the  Tumbler  pigeons,  for  instance,  the  habit  of  tumbling 
is  sometimes  so  excessive  as  to  injure  or  kill  the  bird;  and  many  of 
our  highly-bred  animals  have  such  delicate  constitutions  that  they  are 
very  liable  to  disease,  while  their  extreme  peculiarities  of  form  or 
structure  would  often  render  them  quite  unfit  to  live  in  a  wild  state. 
In  plants,  many  of  our  double  flowers,  and  some  fruits,  have  lost  the 
power  of  producing  seed,  and  the  race  can  thus  be  continued  only  by 
means  of  cuttings  or  grafts.  This  peculiar  character  of  domestic  pro- 
ductions distinguishes  them  broadly  from  wild  species  and  varieties, 
which,  as  will  be  seen  by  and  by,  are  necessarily  adapted  in  every  part 
of  their  organization  to  the  conditions  under  which  they  have  to  live. 
Their  importance  for  our  present  inquiry  depends  on  their  demon- 
strating the  occurrence  of  incessant  slight  variations  in  all  parts  of  an 
organism,  with  the  transmission  to  the  offspring  of  the  special  charac- 
teristics of  the  parents ;  and  also,  that  all  such  slight  variations  are 
capable  of  being  accumulated  by  selection  till  they  present  very  large 
and  important  divergencies  from  the  ancestral  stock. 

We  thus  see  that  the  evidence  as  to  variation  afforded  by  animals 
and  plants  under  domestication  strikingly  accords  with  that  which  we 
have  proved  to  exist  in  a  state  of  Nature.  And  it  is  not  at  all  sur- 
prising that  it  should  be  so,  since  all  the  species  were  in  a  state  of 
Nature  when  first  domesticated  or  cultivated  by  man,  and  whatever 
variations  occur  must  be  due  to  purely  natural  causes.  Moreover,  on 
comparing  the  variations  which  occur  in  any  one  generation  of  domes- 
ticated animals  with  those  which  we  know  to  occur  in  wild  animals, 
we  find  no  evidence  of  greater  individual  variation  in  the  former  than 
in  the  latter.  The  results  of  man's  selection  are  more  striking  to  us 
because  we  have  always  considered  the  varieties  of  each  domestic 
animal  to  be  essentially  identical,  while  those  which  we  observe  in  a 
wild  state  are  held  to  be  essentially  diverse.  The  greyhound  and  the 
spaniel  seem  wonderful,  as  varieties  of  one  animal  produced  by  man's 
selection ;  while  we  think  little  of  the  diversities  of  the  fox  and  the 
wolf,  or  the  horse  and  the  zebra,  because  we  have  been  accustomed 
to  look  upon  them  as  radically  distinct  animals,  not  as  the  results  of 
Nature's  selection  of  the  varieties  of  a  common  ancestor. 
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OHAPTEB  V. 

NATURAL  SELECTION  BY  VARIATION  AND  SURVIVAL  OP  THE 

FITTEST. 

Effect  of  struggle  for  existence  under  unchanged  conditions. —  The  effect  under 
change  of  conditions. — Divergence  of  character. — In  insects. —  In  birds. — 
In  mammalia. —  Divergence  leads  to  a  maximum  of  life  in  each  area. — 
Closely  allied  species  inhabit  distinct  areas. — Adaptation  to  conditions  at 
various  periods  of  life. — The  continued  existence  of  low  forms  of  life. — 
Extinction  of  low  types  among  the  higher  animals. — Circumstances  favor- 
able to  the  origin  of  new  species. —  Probable  origin  of  the  dippers. —  The 
importance  of  isolation. —  On  the  advance  of  organization  by  natural 
selection. —  Summary  of  the  first  five  chapters. 

In  the  preceding  chapters  we  have  accumulated  a  body  of  facts  and 
arguments  which  will  enable  us  now  to  deal  with  the  very  core  of  our 
subject — the  formation  of  species  by  means  of  natural  selection.  We 
have  seen  how  tremendous  is  the  struggle  for  existence  always  going 
on  in  Nature  owing  to  the  great  powers  of  increase  of  all  organisms ; 
we  have  ascertained  the  fact  of  variability  extending  to  every  part  and 
organ,  each  of  which  varies  simultaneously  and  for  the  most  part  in- 
dependently; and  we  have  seen  that  this  variability  is  both  large  in 
its  amount  in  proportion  to  the  size  of  each  part,  and  usually  affects  a 
considerable  proportion  of  the  individuals  in  the  large  and  dominant 
species.  And,  lastly,  we  have  seen  how  similar  variations,  occurring 
in  cultivated  plants  and  domestic  animals,  are  capable  of  being  per- 
petuated and  accumulated  by  artificial  selection,  till  they  have  resulted 
in  all  the  wonderful  varieties  of  our  fruits,  flowers,  and  vegetables,  our 
domestic  animals  and  household  pets,  many  of  which  differ  from  each 
other  far  more  in  external  characters,  habits,  and  instincts  than  do 
species  in  a  state  of  Nature.  We  have  now  to  inquire  whether  there 
is  any  analogous  process  in  Nature  by  which  wild  animals  and  plants 
can  be  permanently  modified  and  new  races  or  new  species  produced. 

Effect  of  Struggle  for  Existence  under  Unchanged  Conditions. 

Let  us  first  consider  what  will  be  the  effect  of  the  struggle  for 
existence  upon  the  animals  and  plants  which  we  see  around  us,  under 
conditions  which  do  not  perceptibly  vary  from  year  to  year  or  from 
century  to  century.  We  have  seen  that  every  species  is  exposed  to 
numerous  and  varied  dangers  throughout  its  entire  existence,  and 
that  it  is  only  by  means  of  the  exact  adaptation  of  its  organization — 
including  its  instincts  and  habits — to  its  surroundings  that  it  is 
enabled  to  live  till  it  produces  offspring  which  may  take  its  place 
when  it  ceases  to  exist.  We  have  seen  also  that,  of  the  whole  annual 
increase  only  a  very  small  fraction  survives ;  and  though  the  survival 
in  individual  cases  may  sometimes  be  due  rather  to  accident  than  to 
any  real  superiority,  yet  we  can  not  doubt  that,  in  the  long  run,  those 
survive  which  are  best  fitted  by  their  perfect  organization  to  escape 
the  dangers  that  surround  them.  This  "  survival  of  the  fittest "  is 
what  Darwin  termed  "  natural  selection,"  because  it  leads  to  the  same 
results  in  Nature  as  are  produced  by  man's  selection  among  domestic 
animals  and  cultivated  plants.  Its  primary  effect  will,  clearly,  be  to 
keep  each  species  in  the  most  perfect  health  and  vigor,  with  every 
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part  of  its  organization  in  full  harmony  with  the  conditions  of  its 
existence.  It  prevents  any  possible  deterioration  in  the  organic  world, 
and  produces  that  appearance  of  exuberant  life  and  enjoyment,  of 
health  and  beauty,  that  affords  us  so  much  pleasure,  and  which  might 
lead  a  superficial  observer  to  suppose  that  peace  and  quietude  reigned 
throughout  Nature. 

The  Effect  under  Changed  Conditions. 

But  the  very  same  process  which,  so  long  as  conditions  remain 
substantially  the  same,  secures  the  continuance  of  each  species  of 
animal  or  plant  in  its  full  perfection,  will  usually,  under  changed  con- 
ditions, bring  about  whatever  change  of  structure  or  habits  may  be 
necessitated  by  them.  The  changed  conditions  to  which  we  refer  are 
such  as  we  know  have  occurred  throughout  all  geological  time  and  in 
every  part  of  the  world.  Land  and  water  have  been  continually 
shifting  their  positions ;  some  regions  are  undergoing  subsidence  with 
diminution  of  area,  others  elevated  with  extension  of  area ;  dry  land 
has  been  converted  into  marshes,  while  marshes  have  been  drained  or 
have  even  been  elevated  into  plateaux.  Climate,  too,  has  changed 
again  and  again,  either  through  the  elevation  of  mountains  in  high 
latitudes  leading  to  the  accumulation  of  snow  and  ice,  or  by  a  change 
in  the  direction  of  winds  and  ocean-currents  produced  by  the  sub- 
sidence or  elevation  of  lands  which  connected  continents  and  divided 
oceans.  Again,  along  with  all  these  changes  have  come  not  less 
important  changes  in  the  distribution  of  species.  Vegetation  has  been 
greatly  modified  by  changes  of  climate  and  of  altitude ;  while  every 
union  of  lands  before  separated  has  led  to  extensive  migrations  of 
animals  into  new  countries,  disturbing  the  balance  that  before  existed 
among  its  forms  of  life,  leading  to  the  extermination  of  some  species 
and  the  increase  of  others. 

When  such  physical  changes  as  these  have  taken  place,  it  is  evident 
that  many  species  must  either  become  modified  or  cease  to  exist. 
When  the  vegetation  has  changed  in  character  the  herbivorous  ani- 
mals must  become  able  to  live  on  new  and  perhaps  less  nutritious 
food ;  while  the  change  from  a  damp  to  a  dry  climate  may  necessitate 
migration  at  certain  periods  to  escape  destruction  by  drought.  This 
will  expose  the  species  to  new  dangers,  and  require  special  modifica- 
tions of  structure  to  meet  them.  Greater  swiftness,  increased  cunning, 
nocturnal  habits,  change  of  color,  or  the  power  of  climbing  trees  and 
living  for  a  time  on  their  foliage  or  fruit,  may  be  the  means  adopted 
by  different  species  to  bring  themselves  into  harmony  with  the  new 
conditions ;  and  by  the  continued  survival  of  those  individuals,  only, 
which  varied  sufficiently  in  the  right  direction,  the  necessary  modifi- 
cations of  structure  or  of  function  would  be  brought  about,  just 
as  surely  as  man  has  been  able  to  breed  the  greyhound  to  hunt  by 
sight  and  the  foxhound  by  scent,  or  has  produced  from  the  same 
wild  plant  such  distinct  forms  as  the  cauliflower  and  the  brussels 
sprouts. 

We  will  now  consider  the  special  characteristics  of  the  changes  in 
species  that  are  likely  to  be  effected,  and  how  far  they  agree  with  what 
we  observe  in  Nature. 

Divergence  of  Character. 

In  species  which  have  a  wide  range  the  struggle  for  existence  will 
often  cause  some  individuals  or  groups  of  individuals  to  adopt  n«w 
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habits  in  order  to  seize  upon  vacant  places  in  Nature  where  the 
struggle  is  less  severe.     Some,  living  among  extensive  marshes,  may 
adopt  a  more  aquatic  mode  of  life ;  others,  living  where  forests  abound, 
may  become  more  arboreal.     In  either  case  we  can  not  doubt  that  the 
changes  of  structure  needed  to  adapt  them  to  their  new  habits  would 
soon  be  brought  about,  because  we  know  that  variations  in  all  the  ex- 
ternal organs  and  all  their  separate  parts  are  very  abundant  and  are 
also  considerable  in  amount.     That  such  divergence  of  character  has 
actually  occurred  we  have  some  direct  evidence.     Mr.  Darwin  informs 
us  that  in  the  Catskill  Mountains  in  the  United  States  there  are  two 
varieties  of  wolves,  one  with  a  light  greyhound-like  form  which  pursues 
deer,  the  other  more  bulky  with  shorter  legs,  which  more  frequently 
attacks  sheep.*    Another  good  example  is  that  of  the  insects  in  the 
island  of  Madeira,  many  of  which  have  either  lost  their  wings  or  have 
had  them  so  much  reduced  as  to  be  useless  for  flight,  while  the  very 
same  species  on  the  continent  of  Europe  possess   fully   developed 
wings.    In  other  cases  the  wingless  Madeira  species  are  distinct  from, 
but  closely  allied  to,  winged  species  of  Europe.     The  explanation  of 
this  change  is,  that  Madeira,  like  many  oceanic  islands  in  the  temper- 
ate zone,  is  much  exposed  to  sudden  gales  of  wind,  and  as  most  of  the 
fertile  land  is  on  the  coast,  insects  which  flew  much  would  be  very 
liable  to  be  blown  out  to  sea  and  lost.     Year  after  year,  therefore, 
those  individuals  which  had  shorter  wings,  or  which  used  them  least, 
were  preserved ;  and  thus,  in  time,  terrestrial,  wingless,  or  imperfectly 
winged  races  or  species  have  been  produced.     That  this  is  the  true 
explanation  of  this  singular  fact  is  proved  by  much  corroborative  evi- 
dence.    There  are  some  few  flower-frequenting  insects  in  Madeira  to 
whom  wings  are  essential,  and  in  these  the  wings  are  somewhat  larger 
than  in  the  same  species  on  the  mainland.     We  thus  see  that  there  is 
no  general  tendency  to  the  abortion  of  wings  in  Madeira,  but  that  it 
is  simply  a  case  of  adaptation  to  new  conditions.     Those  insects  to 
whom  wings  were  not  absolutely  essential  escaped  a  serious  danger 
by  not  using  them,  and  the  wings  therefore  became  reduced  or  were 
completely  lost.     But  when  they  were  essential  they  were  enlarged 
and  strengthened,  so  that  the  insect  could  battle  against  the  winds 
and  save  itself  from  destruction  at  sea.     Many  flying  insects,  not 
varying  fast  enough,  would  be  destroyed  before  they  could  establish 
themselves,  and  thus  we  may  explain  the  total  absence  from  Madeira 
of  several  whole  families  of  winged  insects  which  must  have  had  many 
opportunities  of  reaching  the  island.     Such  are  the  large  groups  of 
the  tiger-beetles  ( Cicendelidce),  the  chafers  (Melolonthidce),  the  click- 
beetles  (Elaterid(K\  and  many  others. 

But  the  most  curious  and  striking  confirmation  of  this  portion  of 
Mr.  Darwin's  theory  is  afforded  by  the  case  of  Kerguelen  Island.  This 
island  was  visited  by  the  Transit  of  Venus  expedition.  It  is  one  of 
the  stormiest  places  on  the  globe,  being  subject  to  almost  perpetual 
gales,  while,  there  being  no  wood,  it  is  almost  entirely  without  shelter. 
The  Bev.  A.  E.  Eaton,  an  experienced  entomologist,  was  naturalist  to 
the  expedition,  and  he  assiduously  collected  the  few  insects  that  were 
to  be  found.  All  were  incapable  of  flight,  and  most  of  them  entirely 
without  wings.  They  included  a  moth,  several  flies,  and  numerous 
beetles.  As  these  insects  could  hardly  have  reached  the  island  in  a 

*  The  Origin  of  Species,  p.  7L 
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wingless  state,  even  if  there  were  any  other  known  land  inhabited  by 
them — which  there  is  not — we  must  assume  that,  like  the  Madeira 
insects,  they  were  originally  winged,  and  lost  their  power  of  flight 
because  its  possession  was  injurious  to  them. 

It  is  no  doubt  due  to  the  same  cause  that  some  butterflies  on  small 
and  exposed  islands  have  their  wings  reduced  in  size,  as  is  strikingly 
the  case  with  the  small  tortoise-shell  butterfly  ( Vanessa  urticce)  in- 
habiting the  Isle  of  Man,  which  is  only  about  half  the  size  of  the  same 
species  in  England  or  Ireland;  and  Mr.  Wollaston  notes  that  Vanessa 
callirhoe — a  closely  allied  South  European  form  of  our  red-admiral 
butterfly — is  permanently  smaller  in  the  small  and  bare  island  of 
Porto  Santo  than  in  the  larger  and  more  wooded  adjacent  island  of 
Madeira. 

A  very  good  example  of  comparatively  recent  divergence  of  charac- 
ter, in  accordance  with  new  conditions  of  life,  is  afforded  by  our  red 
grouse.  This  bird,  the  Lagopus  scoticus  of  naturalists,  is  entirely 
confined  to  the  British  Isles.  It  is,  however,  very  closely  allied  to 
the  willow  grouse  (Lagopus  albus),  a  bird  which  ranges  all  over 
Europe,  Northern  Asia,  and  North  America,  but  which,  unlike  our 
species,  changes  to  white  in  winter.  No  difference  in  form  or  struc- 
ture can  be  detecto  d  between  the  two  birds,  but  as  they  differ  so 
decidedly  in  color — our  species  being  usually  rather  darker  in  winter 
than  in  summer,  while  there  are  also  slight  differences  in  the  call-note 
and  in  habits, —  the  two  species  are  generally  considered  to  be  distinct. 
The  differences,  however,  are  so  clearly  adaptations  to  changed  con- 
ditions that  we  can  hardly  doubt  that,  during  the  early  part  of  the 
glacial  period,  when  our  islands  were  united  to  the  continent,  our 
grouse  was  identical  with  that  of  the  rest  of  Europe.  But  when  the 
cold  passed  away  and  our  islands  became  permanently  separated  from 
the  mainland,  with  a  mild  and  equable  climate  and  very  little  snow  in 
winter,  the  change  to  white  at  that  season  became  hurtful,  rendering 
the  birds  more  conspicuous  instead  of  serving  as  a  means  of  conceal- 
ment. The  color  was,  therefore,  gradually  changed  by  the  process  of 
variation  and  natural  selection;  and  as  the  birds  obtained  ample 
shelter  among  the  heather  which  clothes  so  many  of  our  moorlands,  it 
became  useful  for  them  to  assimilate  with  its  brown  and  dusky  stems 
and  withered  flowers  rather  than  with  the  snow  of  the  higher  mount- 
ains. An  interesting  confirmation  of  this  change  having  really 
occurred  is  afforded  by  the  occasional  occurrence  in  Scotland  of  birds 
with  a  considerable  amount  of  white  in  the  winter  plumage.  This  is 
considered  to  be  a  case  of  reversion  to  the  ancestral  type,  just  as  the 
slaty  colors  and  banded  wings  of  the  wild  rock-pigeon  sometimes 
reappear  in  our  fancy  breeds  of  domestic  pigeons.* 

The  principle  of  "divergence  of  character"  pervades  all  Nature 
from  the  lowest  groups  to  the  highest,  as  may  be  well  seen  in  the 
class  of  birds.  Among  our  native  species  we  see  it  well  marked  in  the 
different  species  of  titmice,  pipits,  and  chats.  The  great  titmouse 
(Parus  major)  by  its  larger  size  and  stronger  bill  is  adapted  to  feed 
on  larger  insects,  and  is  even  said  sometimes  to  kill  small  and  weak 
birds.  The  smaller  and  weaker  coal  titmouse  (Parus  ater)  has  adopted 
a  more  vegetarian  diet,  eating  seeds  as  well  as  insects,  and  feeding 
on  the  ground  as  well  as  among  trees.  The  delicate  little  blue  tit- 

*  Yarrell's  British  Birds,  fourth  edition,  vol.  iii.  p.  77. 
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mouse  (Parua  cceruleu8\  with  its  very  small  bill,  feeds  on  the 
minutest  insects  and  grubs,  which  it  extracts  from  crevices  of  bark 
and  from  the  buds  of  fruit-trees.  The  marsh  titmouse,  again  (Parus 
palustris),  has  received  its  name  from  the  low  and  marshy  localities  it 
frequents ;  while  the  crested  titmouse  (Parus  cristatus)  is  a  northern 
bird  frequenting  especially  pine  forests,  on  the  seeds  of  which  trees 
it  partially  feeds.  Then,  again,  our  three  common  pipits — the  tree- 
pipit  (Anthus  arboreus),  the  meadow-pipit  (Anthus  pratensis),  and  the 
rock-pipit  or  sea-lark  (Ant/ius  obscurus)  have  each  occupied  a  distinct 
place  in  Nature  to  which  they  have  become  specially  adapted,  as  in 
dicated  by  the  different  form  and  size  of  the  hind  toe  and  claw  in  each 
species.  So,  the  stonechat  (Saxicola  rubicola),  the  whinchat  (S. 
rubetra\  and  the  wheatear  (&  cenanthe)  are  all  slightly  divergent 
forms  of  one  type,  with  modifications  in  the  shape  of  the  wing,  feet, 
and  bill  adapting  them  to  slightly  different  modes  of  life.  The  whin- 
chat  is  the  smallest,  and  frequents  furzy  commons,  fields,  and  low- 
lands, feeding  on  worms,  insects,  small  molluscs,  and  berries;  the 
stonechat  is  next  in  size,  and  is  especially  active  and  lively,  frequent- 
ing heaths  and  uplands,  and  is  a  permanent  resident  with  us,  the  two 
other  species  being  migrants ;  while  the  larger  and  more  conspicuous 
wheatear,  besides  feeding  on  grubs,  beetles,  etc.,  is  able  to  capture 
flying  insects  on  the  wing,  something  after  the  manner  of  true  fly- 
catchers. 

These  examples  sufficiently  indicate  how  divergence  of  character 
has  acted,  and  has  led  to  the  adaptation  of  numerous  allied  species, 
each  to  a  more  or  less  special  mode  of  life,  with  the  variety  of  food,  of 
habits,  and  of  enemies  which  must  necessarily  accompany  such  diver- 
sity. And  when  we  extend  our  inquiries  to  higher  groups  we  find  the 
same  indications  of  divergence  and  special  adaptation,  often  to  a  still 
more  marked  extent.  Thus  we  have  the  larger  falcons,  which  prey 
upon  birds,  while  some  of  the  smaller  species,  like  the  hobby  (Falco 
subbuteo),  live  largely  on  insects.  The  true  falcons  capture  their  prey 
in  the  air,  while  the  hawks  usually  seize  it  on  or  near  the  ground, 
feeding  on  hares,  rabbits,  squirrels,  grouse,  pigeons,  and  poultry. 
Kites  and  buzzards,  on  the  other  hand,  seize  their  prey  upon  the 
ground,  and  the  former  feed  largely  on  reptiles  and  offal  as  well  as  on 
birds  and  quadrupeds.  Others  have  adopted  fish  as  their  chief  food, 
and  the  osprey  snatches  its  prey  from  the  water  with  as  much  facility 
as  a  gull  or  a  petrel ;  while  the  South  American  caracaras  (Potyborus) 
have  adopted  the  habits  of  vultures,  and  live  altogether  on  carrion. 
In  every  great  group  there  is  the  same  divergence  of  habits.  There 
are  ground-pigeons,  rock-pigeons,  and  wood-pigeons, —  seed-eating 
pigeons  and  fruit-eating  pigeons;  there  are  carrion-eating,  insect- 
eating,  and  fruit-eating  crows.  Even  kingfishers  are,  some  aquatic, 
some  terrestrial  in  their  habits:  some  live  on  fish,  some  on  insects, 
some  on  reptiles.  Lastly,  among  the  primary  divisions  of  birds  we 
find  a  purely  terrestrial  group — the  JRatitce,  including  the  ostriches, 
cassowaries,  etc.;  other  great  groups,  including  the  ducks,  cormorants, 
gulls,  penguins,  etc.,  are  aquatic;  while  the  bulk  of  the  Passerine 
birds  are  aerial  and  arboreal.  The  same  general  facts  can  be  detected 
in  all  other  classes  of  animals.  In  the  mammalia,  for  example,  we 
have  in  the  common  rat  a  fish-eater  and  flesh-eater  as  well  as  a  grain- 
eater,  which  has  no  doubt  helped  to  give  it  the  power  of  spreading 
over  the  world  and  driving  away  the  native  rats  of  other  countries 
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Throughout  the  Rodent  tribe  we  find  everywhere  aquatic,  terrestrial, 
and  arboreal  forms.  In  the  weasel  and  cat  tribes  some  live  more  in 
trees,  others  on  the  ground;  squirrels  have  diverged  into  terrestrial, 
arboreal,  and  flying  species;  and  finally,  in  the  bats  we  have  a  truly 
aerial,  and  in  the  whales  a  truly  aquatic  order  of  mammals.  We  thus 
see  that,  beginning  with  different  varieties  of  the  same  species,  we 
have  allied  species,  genera,  families,  and  orders,  with  similarly  diver- 
gent habits,  and  adaptations  to  different  modes  of  life,  indicating  sotne 
general  principle  in  Nature  which  has  been  operative  in  the  develop- 
ment of  the  organic  world.  But  in  order  to  be  thus  operative  it  must 
be  a  generally  useful  principle,  and  Mr.  Darwin  has  very  clearly  shown 
us  in  what  this  utility  consists. 

divergence  leads  to  a  Maximum  of  Organic  Forms  in  each  Area. 

Divergence  of  character  has  a  double  purpose  and  use.   In  the  first 

place  it  enables  a  species  which  is  being  overcome  by  rivals,  or  is  in 

"•cess  of  extinction   by  enemies,  to  save  itself  by  adopting  new 

its  or  by  occupying  vacant  places  in  Nature.     This  is  the  imme- 

1.9  and  obvious  effect  of  all  the  numerous  examples  of  divergence 

character  which  we  have  pointed  out.     But  there  is  another  and 

s  obvious  result,  which  is,  that  the  greater  the  diversity  in  the 

nanisms  inhabiting  a  country  or  district  the  greater  will  be  the  total 

i  junt  of  life  that  can  be  supported  there.     Hence  the  continued 

vion  of  the  struggle  for  existence  will  tend  to  bring  about  more  and 

>re  diversity  in  each  area,  which  may  be  shown  to  be  the  case  by 

veral  kinds  of  evidence.     As  an  example,  a  piece  of  turf,  three  feet 

i>/  four  in  size,  was  found  by  Mr.  Darwin  to  contain  twenty  species  of 

;  iants,  and  these  twenty  species  belonged  to  eighteen  genera  and  to 

eight  orders,   showing   how  greatly  they  differed   from  each   other. 

Farmers  find  that  a  greater  quantity  of  hay  is  obtained  from  ground 

sown  with  a  variety  of  genera  of  grasses,  clover,  etc.,  and  the  same 

principle  applies  to  rotation  of  crops,  plants  differing  very  widely 

from  each  other  giving  the  best  results.     So,  in  small  and  uniform 

islands,  and  in  small  ponds  of  fresh  water,  the  plants  and  insects, 

though    few  in    number,   are   found    to    be   wonderfully   varied  in 

character. 

The  same  principle  is  seen  in  the  naturalization  of  plants  and 
animals  by  man's  agency  in  distant  lands,  for  the  species  that  thrive 
best  and  establish  themselves  permanently  are  not  only  very  varied 
among  themselves  but  differ  greatly  from  the  native  inhabitants. 
Thus,  in  the  Northern  United  States  there  are,  according  to  Dr.  Asa 
Gray,  260  naturalized  flowering-plants  which  belong  to  no  less  than 
162  genera ;  and  of  these,  100  genera  are  not  natives  of  the  United 
States.  So  in  Australia,  the  rabbit,  though  totally  unlike  any  native 
animal,  has  increased  so  much  that  it  probably  outnumbers  in  indi- 
viduals all  the  native  mammals  of  the  country ;  and  in  New  Zealand 
the  rabbit  and  the  pig  have  equally  multiplied.  Darwin  remarks  that 
this  "advantage  of  diversification  of  structure  in  the  inhabitants  of 
the  same  region  is,  in  fact,  the  same  as  that  of  the  physiological 
division  of  labor  in  the  organs  of  the  same  body.  No  physiologist 
doubts  that  a  stomach  adapted  to  digest  vegetable  matter  alone,  or 
flesh  alone,  draws  more  nutriment  from  these  substances.  So,  in  the 
general  economy  of  any  land,  the  more  widely  and  perfectly  the 
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animals  and  plants  are  diversified  for  different  habits  of  life,  so  will 
a  greater  number  of  individuals  be  capable  of  there  supporting 
themselves."  * 

The  most  distinctly  allied  Species  inhabit  distinct  Areas. 

One  of  the  curious  results  of  the  general  action  of  this  principle 
in  Nature  is,  that  the  most  closely  allied  species — those  whose  differ- 
ences though  often  real  and  important  are  hardly  perceptible  to  any 
one  but  a  naturalist — are  usually  not  found  in  the  same  but  in 
widely  separated  countries.  Thus,  the  nearest  allies  to  our  European 
golden  plover  are  found  in  North  America  and  East  Asia;  the  nearest 
ally  of  our  European  jay  is  found  in  Japan,  although  there  are  several 
other  species  of  jays  in  Western  Asia  and  North  Africa ;  and  though 
we  have  several  species  of  titmice  in  England,  they  are  not  very 
closely  allied  to  each  other.  The  form  most  akin  to  our  blue  tit  is 
the  azure  tit  of  Central  Asia,  Parus  azureus;  the  Parus  ledouci  of 
Algeria  is  very  near  our  coal  tit,  and  the  Parus  lugubris  of  South- 
Eastern  Europe  and  Asia  Minor  is  nearest  to  our  marsh  tit.  So,  our 
four  species  of  wild  pigeons — the  ring-dove,  stock-dove,  rock-pigeon, 
and  turtle-dove — are  not  closely  allied  to  each  other,  but  each  of 
them  belongs,  according  to  some  ornithologists,  to  a  separate  genus 
or  subgenus,  and  has  its  nearest  relatives  in  distant  parts  of  Asia  and 
Africa.  In  mammalia  the  same  thing  occurs.  Each  mountain-region 
of  Europe  and  Asia  has  usually  its  own  species  of  wild  sheep  and  goat, 
and  sometimes  of  antelope  and  deer ;  so  that  in  each  region  there  is 
found  the  greatest  diversity  in  this  class  of  animals,  while  the  closest 
allies  inhabit  quite  distinct  and  often  distant  areas.  In  plants  we 
find  the  same  phenomenon  prevalent.  Distinct  species  of  columbine 
are  found  in  Central  Europe,  Aguilegia  vulgaris;  in  Eastern  Europe 
and  Siberia,  A.  glandulosa;  in  the  Alps,  A.  Alpina;  in  the  Pyrenees, 
A.  pyrenaiea;  in  the  Greek  mountains,  A.  ottonis;  and  in  Corsica, 
A.  Bernardi;  but  rarely  are  two  species  found  in  the  same  area. 
So,  each  part  of  the  world  has  its  own  peculiar  forms  of  pines,  firs, 
and  cedars,  but  the  closely  allied  species  or  varieties  are  in  almost 
every  case  inhabitants  of  distinct  areas.  Examples  are  the  deodar  of 
the  Himalayas,  the  cedar  of  Lebanon,  and  that  of  North  Africa,  all 
very  closely  allied  but  confined  to  distinct  areas  ;  and  the  numerous 
closely  allied  species  of  true  pine  (genus  Pinus\  which  almost  always 
inhabit  different  countries  or  occupy  different  stations.  We  will  now 
consider  some  other  modes  in  which  natural  selection  will  act  to  adapt 
organisms  to  changed  conditions. 

Adaptation   to  Conditions   at  Various  Periods  of  Life. 

It  is  found,  that,  in  domestic  animals  and  cultivated  plants, 
variations  occurring  at  any  one  period  of  life  reappear  in  the  off- 
spring at  the  same  period,  and  can  be  perpetuated  and  increased  by 
selection  without  modifying  other  parts  of  the  organization.  Thus,  va- 
riations in  the  caterpillar  or  the  cocoon  of  the  silkworm,  in  the  eggs  of 
poultry,  and  in  the  seeds  of  young  shoots  of  many  culinary  vegetables, 
have  been  accumulated  till  those  parts  have  become  greatly  modified, 
and,  for  man's  purposes,  improved.  Owing  to  this  fact  it  is  easy  for 
organisms  to  become  so  modified  as  to  avoid  dangers  that  occur  at 

*  The  Origin   of  Species,  p.  89. 
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any  one  period  of  life.  Thus  it  is  that  so  many  seeds  have  become 
adapted  to  various  modes  of  dissemination  or  protection.  Some  ar« 
winged,  or  have  down  or  hairs  attached  to  them,  so  as  to  enable  them 
to  be  carried  long  distances  in  the  air ;  others  have  curious  hooks  and 
prickles,  which  cause  them  to  be  attached  firmly  to  the  fur  of  mammals 
or  the  feathers  of  birds ;  while  others  are  buried  within  sweet  or  juicy 
and  brightly-colored  fruits,  which  are  seen  and  devoured  by  birds,  the 
hard  smooth  seeds  passing  through  their  bodies  in  a  fit  state  for 
germination.  In  the  struggle  for  existence  it  must  benefit  a  plant  to 
have  increased  means  of  dispersing  its  seeds,  and  of  thus  having 
young  plants  produced  in  a  greater  variety  of  soils,  aspects,  and  sur- 
roundings, with  a  greater  chance  of  some  of  them  escaping  their 
numerous  enemies  and  arriving  at  maturity.  The  various  differences 
referred  to  would,  therefore,  be  brought  about  by  variation  and  sur- 
vival of  the  fittest,  just  as  surely  as  the  length  and  quality  of  cotton  on 
the  seed  of  the  cotton-plant  have  been  increased  by  man's  selection. 

The  larvse  of  insects  have  thus  been  wonderfully  modified  in  order 
to  escape  the  numerous  enemies  to  whose  attacks  they  are  exposed  at 
this  period  of  their  existence.  Their  colors  and  markings  have  become 
marvelously  adapted  to  conceal  them  among  the  foliage  of  the  plant 
they  live  upon,  and  this  color  often  changes  completely  after  the  last 
moult,  when  the  creature  has  to  descend  to  the  ground  for  its  change 
to  the  pupa  state,  during  which  period  a  brown  instead  of  a  green 
color  is  protective.  Others  have  acquired  curious  attitudes  and  large 
ocelli,  which  cause  them  to  resemble  the  head  of  some  reptile,  or  they 
have  curious  horns  or  colored  ejectile  processes  which  frighten  away 
enemies,  and  these  are  always  adorned  with  very  conspicuous  mark- 
ings or  brilliant  colors,  which  serve  as  a  sign  of  inedibility  and  pre- 
vent their  being  needlessly  attacked.  This,  however,  is  a  portion  of 
the  very  large  subject  of  organic  color  and  marking,  which  will  be 
fully  discussed  and  illustrated  in  a  separate  chapter. 

In  this  way  every  possible  modification  of  an  animal  or  plant, 
whether  in  color,  form,  structure,  or  habits,  which  would  be  service- 
able to  it  or  to  its  progeny  at  any  period  of  its  existence,  may  be 
readily  brought  about.  There  are  some  curious  organs  which  are 
used  only  once  in  a  creature's  life,  but  which  are  yet  essential  to  its 
existence,  and  thus  have  very  much  the  appearance  of  design  by  an 
intelligent  designer.  Such  are  the  great  jaws  possessed  by  some  in- 
sects, used  exclusively  for  opening  the  cocoon,  and  the  hard  tip  to  the 
beak  of  unhatched  birds  used  for  breaking  the  eggshell.  The  increase 
in  thickness  or  hardness  of  the  cocoons  or  the  eggs  being  useful  for 
protection  against  enemies  or  to  avoid  accidents,  it  is  probable  that 
the  change  has  been  very  gradual,  because  it  would  be  constantly 
checked  by  the  necessity  for  a  corresponding  change  in  the  young  in- 
sects or  birds,  enabling  them  to  overcome  the  additional  obstacle  of  a 
tougher  cocoon  or  a  harder  eggshell.  As  we  have  seen,  however,  that 
every  part  of  the  organism  appears  to  be  varying  independently,  at 
the  same  time,  though  to  different  amounts,  there  seems  no  reason  to 
believe  that  the  necessity  for  two  or  more  coincident  variations  would 
prevent  the  required  change  from  taking  place. 

The  Continued  Existence  of  Low  Forms  of  Life. 

Since  species  are  continually  undergoing  modifications  giving  them 
some  superiority  over  other  species  or  enabling  them  to  occupy  fresh 
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places  in  Nature,  it  may  be  asked— Why  do  any  low  forms  continue  to 
exist!  "Why  have  they  not  long  since  been  improved  and  developed 
into  higher  forms  I  The  answer,  probably,  is,  that  these  low  forms 
occupy  places  in  Nature  which  can  not  be  filled  by  higher  forms,  and 
that  they  have  few  or  no  competitors;  they  therefore  continue  to 
exist.  Thus,  earthworms  are  adapted  to  their  mode  of  life  better  than 
they  would  be  if  more  highly  organized.  So,  hi  the  ocean,  the  minute 
foraminifera  and  infusoria,  and  the  larger  sponges  and  corals,  occupy 
places  which  more  highly  developed  creatures  could  not  fill.  They 
form,  as  it  were,  the  base  of  the  great  structure  of  animal  life,  on 
which  the  next  higher  forms  rest ;  and  though  in  the  course  of  ages 
they  may  undergo  some  changes,  and  diversification  of  form  and  struct- 
ure, in  accordance  with  changed  conditions,  their  essential  nature  has 
probably  remained  the  same  from  the  very  dawn  of  life  on  the  earth. 
The  low  aquatic  diatomacese  and  conferva,  together  with  the  lowest 
fungi  and  lichens,  occupy  a  similar  position  in  the  vegetable  kingdom, 
filling  places  in  Nature  which  would  be  left  vacant  if  only  highly  or- 
ganized plants  existed.  There  is,  therefore,  no  motive  power  to 
destroy  or  seriously  to  modify  them ;  and  they  have  thus  probably 
persisted,  under  slightly  varying  forms,  through  all  geological  time. 

Extinction  of  Lower  Types  among  the  Higher  Animals. 

So  soon,  however,  as  we  approach  the  higher  and  more  fully  de- 
veloped groups,  we  see  indications  of  the  often  repeated  extinction  of 
lower  by  higher  forms.  This  is  shown  by  the  great  gaps  that  separate 
the  mammalia,  birds,  reptiles,  and  fishes  from  each  other  ;  while  the 
lowest  forms  of  each  are  always  few  in  number  and  confined  to  limited 
areas.  Such  are  the  lower  mammals — the  echidna  and  ornithorhyn- 
chus  of  Australia ;  the  lowest  birds — the  apteryx  of  New  Zealand  and 
the  cassowaries  of  the  New  Guinea  region ;  while  the  lowest  fish — the 
amphioxus  or  lancelet — is  completely  isolated,  and  has  apparently 
survived  only  by  its  habit  of  burrowing  in  the  sand.  The  great 
distinctness  of  the  camivora,  ruminants,  rodents,  whales,  bats,  and 
other  orders  of  mammalia;  of  the  accipitres,  pigeons,  and  parrots, 
among  birds ;  and  of  the  beetles,  bees,  flies,  and  moths,  among  insects, 
all  indicate  an  enormous  amount  of  extinction  among  the  compara- 
tively low  forms  by  which,  on  any  theory  of  evolution,  these  higher 
and  more  specialized  groups  must  have  been  preceded. 

Circumstances  favorable  to  the  Origin  of  New  Species  by 

Natural  Selection. 

We  have  already  seen  that,  when  there  is  no  change  in  the  physical 
or  organic  conditions  of  a  country,  the  effect  of  natural  selection  is  to 
keep  all  the  species  inhabiting  it  in  a  state  of  perfect  health  and  full 
development,  and  to  preserve  the  balance  that  already  exists  between 
the  different  groups  of  organisms.  But,  whenever  the  physical  or 
organic  conditions  change,  to  however  small  an  extent,  some  cor- 
responding change  will  be  produced  in  the  flora  and  fauna,  since,  con- 
sidering the  severe  struggle  for  existence  and  the  complex  relations 
of  the  various  organisms,  it  is  hardly  possible  that  the  change  should 
not  be  beneficial  to  some  species  and  hurtful  to  others.  The  most 
common  effect,  therefore,  will  be  that  some  species  will  increase  and 
others  will  diminish ;  and  in  cases  where  a  species  was  already  small 
in  numbers  a  further  diminution  might  lead  to  extinction.  Thia 
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would  afford  some  room  for  the  increase  of  other  species,  and  thus  a 
considerable  readjustment  of  the  proportions  of  the  several  species 
might  take  place.  When,  however,  the  change  was  of  a  more 
important  character,  directly  affecting  the  existence  of  many  species 
so  as  to  render  it  difficult  for  them  to  maintain  themselves  without 
some  considerable  change  in  structure  or  habits,  that  change  would, 
in  some  cases,  be  brought  about  by  variation  and  natural  selection, 
and  thus  new  varieties  or  new  species  might  be  formed.  We  have  to 
consider,  then,  which  are  the  species  that  would  be  most  likely  to  be 
so  modified,  while  others,  not  being  modified,  would  succumb  to  the 
changed  conditions  and  become  extinct. 

The  most  important  condition  of  all  is,  undoubtedly,  that  variations 
should  occur  of  sufficient  amount,  of  a  sufficiently  diverse  character, 
and  in  a  large  number  of  individuals,  so  as  to  afford  ample  materials 
for  natural  selection  to  act  upon ;  and  this,  we  have  seen,  does  occur 
in  most,  if  not  in  all,  large,  wide-ranging,  and  dominant  species. 
From  some  of  these,  therefore,  the  new  species  adapted  to  the  changed 
conditions  would  usually  be  derived ;  and  this  would  especially  be  the 
case  when  the  change  of  conditions  was  rather  rapid,  and  when  a 
corresponding  rapid  modification  could  alone  save  some  species  from 
extinction.  But  when  the  change  was  very  gradual,  then  even  less 
abundant  and  less  widely  distributed  species  might  become  modified 
into  new  forms,  more  especially  if  the  extinction  of  many  of  the  rarer 
species  left  vacant  places  in  the  economy  of  Natura 

Probable  Origin  of  the  Dippers. 

An  excellent  example  of  how  a  limited  group  of  species  has  been 
able  to  maintain  itself  by  adaptation  to  one  of  these  "  vacant  places  " 
in  Nature,  is  afforded  by  the  curious  little  birds  called  dippers  or 
water-ouzels,  forming  the  genus  Cinclus  and  the  family  Cindidce  of 
naturalists.  These  birds  are  something  like  small  thrushes,  with 
very  short  wings  and  tail,  and  very  dense  plumage.  They  frequent, 
exclusively,  mountain  torrents  in  the  northern  hemisphere,  and  obtain 
their  food  entirely  in  the  water,  consisting,  as  it  does,  of  water-beetles, 
caddis-worms,  and  other  insect-larvae,  as  well  as  numerous  small  fresh- 
water shells.  These  birds,  although  not  far  removed  in  structure  from 
thrushes  and  wrens,  have  the  extraordinary  power  of  flying  under 
water ;  for  such,  according  to  the  best  observers,  is  their  process  of 
diving  in  search  of  their  prey;  their  dense  and  somewhat  fibrous 
plumage  retaining  so  much  air  that  the  water  is  prevented  from 
touching  their  bodies  or  even  from  wetting  their  feathers  to  any 
great  extent.  Their  powerful  feet  and  long  curved  claws  enable  them 
to  hold  on  to  stones  at  the  bottom,  and  thus  to  retain  their  position 
while  picking  up  insects,  shells,  etc.  As  they  frequent  chiefly  the 
most  rapid  and  boisterous  torrents,  among  rocks,  waterfalls,  and  huge 
boulders,  the  water  is  never  frozen  over,  and  they  are  thus  able  to 
live  during  the  severest  winters.  Only  a  very  few  species  of  dipper 
are  known,  all  those  of  the  old  world  being  so  closely  allied  to  our 
British  bird  that  some  ornithologists  consider  them  to  be  merely  local 
races  of  one  species ;  while  in  North  America  and  the  northern  Andes 
there  are  two  other  species. 

Here,  then,  we  have  a  bird,  which,  in  its  whole  structure,  shows  a 
close  affinity  to  the  smaller  typical  perching  birds,  but  which  has 
departed  from  all  its  allies  in  its  habits  and  mode  of  life,  and  has 
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secured  for  itself  a  place  in  Nature  where  it  has  few  competitors  and 
few  enemies.  We  may  well  suppose,  that,  at  some  remote  period,  a 
bird  which  was  perhaps  the  common  and  more  generalized  ancestor  of 
our  thrushes,  warblers,  wrens,  etc.,  had  spread  widely  over  the  great 
northern  continent,  and  had  given  rise  to  numerous  varieties  adapted 
to  special  conditions  of  life.  Among  these  some  took  to  feeding  on 
the  borders  of  clear  streams,  picking  out  such  larvse  and  mollusks  as 
they  could  reach  in  shallow  water.  When  food  became  scarce  they 
would  attempt  to  pick  them  out  of  deeper  and  deeper  water,  and 
while  doing  this  in  cold  weather  many  would  become  frozen  and 
starved.  But  any  which  possessed  denser  and  more  hairy  plumage 
than  usual,  which  was  able  to  keep  out  the  water,  would  survive ;  and 
thus  a  race  would  be  formed  which  would  depend  more  and  more  on 
this  kind  of  food.  Then,  following  up  the  frozen  streams  into  the 
mountains,  they  would  be  able  to  live  there  during  the  winter ;  and 
as  such  places  afforded  them  much  protection  from  enemies  and 
ample  shelter  for  their  nests  and  young,  further  adaptations  would 
occur,  till  the  wonderful  power  of  diving  and  flying  under  water  was 
acquired  by  a  true  land-bird. 

That  such  habits  might  be  acquired  under  stress  of  need  is  ren- 
dered highly  probable  by  the  facts  stated  by  the  well-known  American 
naturalist,  Dr.  Abbott.  He  says  that  "the  water-thrushes  (Seiurus 
sp.)  all  wade  in  water,  and  often,  seeing  minute  mollusca  on  the 
bottom  of  the  stream,  plunge  both  head  and  neck  beneath  the  surface, 
so  that  often,  for  several  seconds,  a  large  part  of  the  body  is  sub- 
merged. Now  these  birds  still  have  the  plumage  pervious  to  water, 
and  so  are  liable  to  be  drenched  and  sodden;  but  they  have  also  the 
faculty  of  giving  these  drenched  feathers  such  a  good  shaking  that 
flight  is  practicable  a  moment  after  leaving  the  water.  Certainly  the 
water-thrushes  (Seiurus  ludovicianus,  S.  Auricapillus,  and  S.  nove- 
boracensis)  have  taken  many  preliminary  steps  to  becoming  as  aquatic 
as  the  dipper ;  and  the  winter-wren,  and  even  the  Maryland  yellow- 
throat  are  not  far  behind."  * 

Another  curious  example  of  the  way  in  which  species  have  been 
modified  to  occupy  new  places  in  Nature  is  afforded  by  the  various 
animals  which  inhabit  the  water-vessels  formed  by  the  leaves  of  many 
epiphytal  species  of  Bromelia.  Fritz  Miiller  has  described  a  caddis-fly 
larva  which  lives  among  these  leaves,  and  which  has  been  modified  in 
the  pupa  state  in  accordance  with  its  surroundings.  The  pupae  of 
caddis-flies  inhabiting  streams  have  fringes  of  hair  on  the  tarsi  to 
enable  them  to  reach  the  surface  on  leaving  their  cases.  But  in  the 
species  inhabiting  bronaelia-leaves  there  is  no  need  for  swimming,  and 
accordingly  we  find  the  tarsi  entirely  bare.  In  the  same  plants  are 
found  curious  little  JSntomostraca,  very  abundant  there  but  found 
nowhere  else.  These  form  a  new  genus,  but  are  most  nearly  allied  to 
Cythere,  a  marine  type.  It  is  believed  that  the  transmission  of  this 
species  from  one  tree  to  another  must  be  effected  by  the  young  crus- 
tacea,  which  are  very  minute,  clinging  to  beetles,  many  of  which,  both 
terrestrial  and  aquatic,  also  inhabit  the  bromelia-leaves ;  and  as  some 
water-beetles  are  known  to  frequent  the  sea,  it  is  perhaps  by  these 
means  that  the  first  emigrants  established  themselves  in  this  strange 
new  abode.  Bromeliae  are  often  very  abundant  on  trees  growing  on 

*  Nature,  vol.  xxx.,  p.  80. 
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the  water's  edge,  and  this  would  facilitate  the  transition  from  a  marine 
to  an  arboreal  habitat.  Fritz  Miiller  has  also  found,  among  the 
bromelia-leaves,  a  small  frog  bearing  its  eggs  on  its  back,  and  having 
some  other  peculiarities  of  structure.  Several  beautiful  little  aquatic 
plants  of  the  genus  Utricularia  or  bladder-wort  also  inhabit  bromelia- 
leaves  ;  and  these  send  runners  out  to  neighboring  plants  and  thus 
spread  themselves  with  great  rapidity. 

The  Importance  of  Isolation. 

Isolation  is  no  doubt  an  important  aid  to  natural  selection,  as 
shown  by  the  fact  that  islands  so  often  present  a  number  of  peculiar 
species ;  and  the  same  thing  is  seen  on  the  two  sides  of  a  great 
mountain-range  or  on  opposite  coasts  of  a  continent.  The  im- 
portance of  isolation  is  twofold.  In  the  first  place,  it  leads  to  a 
body  of  individuals  of  each  species  being  limited  in  their  range  and 
thus  subjected  to  uniform  conditions  for  long  spaces  of  time.  Both 
the  direct  action  of  the  environment  and  the  natural  selection  of  such 
varieties  only  as  are  suited  to  the  conditions,  will,  therefore,  be  able 
to  produce  their  full  effect.  In  the  second  place,  the  process  of  change 
will  not  be  interfered  with  by  intercrossing  with  other  individuals 
which  are  becoming  adapted  to  somewhat  different  conditions  in  an 
adjacent  area.  But  this  question  of  the  swamping  effects  of  inter- 
crossing will  be  considered  in  another  chapter. 

Mr.  Darwin  was  of  opinion  that,  on  the  whole,  the  largeness  of  the 
area  occupied  by  a  species  was  of  more  importance  than  isolation,  as 
a  factor  in  the  production  of  new  species,  and  in  this  I  quite  agree 
with  him.  It  must,  too,  be  remembered,  that  isolation  will  often  be 
produced  in  a  continuous  area  whenever  a  species  becomes  modified 
in  accordance  with  varied  conditions  or  diverging  habits.  For  example, 
a  wide-ranging  species  may  in  the  northern  and  colder  part  of  its  area 
become  modified  in  one  direction,  and  in  the  southern  part  in  another 
direction ;  and  though  for  a  long  time  an  intermediate  form  may  con- 
tinue to  exist  in  the  intervening  area,  this  will  be  likely  soon  to  die 
out,  both  because  its  numbers  will  be  small,  and  it  will  be  more  or 
less  pressed  upon  in  varying  seasons  by  the  modified  varieties,  each 
better  able  to  endure  extremes  of  climate.  So,  when  one  portion  of  a 
terrestrial  species  takes  to  a  more  arboreal  or  to  a  more  aquatic  mode 
of  life,  the  change  of  habit  itself  leads  to  the  isolation  of  each  portion. 
Again,  as  will  be  more  fully  explained  in  a  future  chapter,  any  dif- 
ference of  habits  or  of  haunts  usually  leads  to  some  modification  of 
color  or  marking,  as  a  means  of  concealment  from  enemies  ?  and  there 
is  reason  to  believe  that  this  difference  will  be  intensified  by  natural 
selection  as  a  means  of  identification  and  recognition  by  members  of 
the  same  variety  or  incipient  species.  It  has  also  been  observed  that 
each  differently  colored  variety  of  wild  animals,  or  of  domesticated 
animals  which  have  run  wild,  keep  together,  and  refuse  to  pair  with 
individuals  of  the  other  colors ;  and  this  must  of  itself  act  to  keep  the 
races  separate  as  completely  as  physical  isolation. 

On   the  Advance  of  Organization  by  Natural  Selection. 

As  natural  selection  acts  solely  by  the  preservation  of  useful 
variations  or  those  which  are  beneficial  to  the  organism  under  the 
conditions  to  which  it  is  exposed,  the  result  must  necessarily  be  that 
each  species  or  group  tends  to  become  more  and  more  improved  in 
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relation  to  its  conditions.  Hence  we  should  expect  that  the  larger 
groups  in  each  class  of  animals  and  plants — those  which  have  per- 
sisted and  have  been  abundant  throughout  geological  ages — would, 
almost  necessarily,  have  arrived  at  a  high  degree  of  organization,  both 
physical  and  mental.  Illustrations  of  this  are  to  be  seen  everywhere. 
Among  mammalia  we  have  the  carnivora,  which  from  Eocene  times 
have  been  becoming  more  and  more  specialized,  till  they  have  culmi- 
nated in  the  cat  and  dog  tribes,  which  have  reached  a  degree  of 
perfection  both  in  structure  and  intelligence  fully  equal  to  that  of 
any  other  animals.  In  another  line  of  development,  the  herbivora 
have  been  specialized  for  living  solely  on  vegetable  food  till  they  have 
culminated  in  the  sheep,  the  cattle,  the  deer,  and  the  antelopes.  The 
horse  tribe,  commencing  with  an  early  four-toed  ancestor  in  the 
Eocene  age,  has  increased  in  size  and  in  perfect  adaptation  of  feet 
and  teeth  to  a  life  on  open  plains,  and  has  reached  its  highest  per- 
fection in  the  horse,  the  ass,  and  the  zebra.  In  birds,  also,  we  see 
an  advance  from  the  imperfect  tooth-billed  and  reptile-tailed  birds  of 
the  secondary  epoch,  to  the  wonderfully  developed  falcons,  crows, 
and  swallows  of  our  time.  So  the  ferns,  lycopods,  conifers,  and 
monocotyledons  of  the  palaeozoic  and  mesozoic  rocks,  have  developed 
into  the  marvelous  wealth  of  forms  of  the  higher  dicotyledons  that 
now  adorn  the  earth. 

But  this  remarkable  advance  in  the  higher  and  larger  groups  does 
not  imply  any  universal  law  of  progress  in  organization,  because  we 
have  at  the  same  time  numerous  examples  (as  has  been  already  pointed 
out)  of  the  persistence  of  lowly  organized  forms,  and  also  of  absolute 
degradation  or  degeneration.  Serpents,  for  example,  have  been 
developed  from  some  lizard-like  type  which  has  lost  its  limbs  ;  and 
though  this  loss  has  enabled  them  to  occupy  fresh  places  in  Nature 
and  to  increase  and  flourish  to  a  marvelous  extent,  yet  it  must  be 
considered  to  be  a  retrogression  rather  than  an  advance  in  organization. 
The  same  remark  will  apply  to  the  whale  tribe  among  mammals ;  to 
the  blind  amphibia  and  insects  of  the  great  caverns ;  and  among 
plants  to  the  numerous  cases  in  which  flowers,  once  specially  adapted 
to  be  fertilized  by  insects,  have  lost  their  gay  corollas  and  their 
special  adaptations,  and  have  become  degraded  into  wind-fertilized 
forms.  Such  are  our  plantains,  our  meadow-burnet,  and  even,  as 
some  botanists  maintain,  our  rashes,  sedges,  and  grasses.  The  causes 
which  have  led  to  this  degeneration  will  be  discussed  in  a  future 
chapter ;  but  the  facts  are  undisputed,  and  they  show  us  that  although 
variation  and  the  struggle  for  existence  may  lead,  on  the  whole,  to  a 
continued  advance  of  organization,  yet  they  also  lead  in  many  cases  to 
a  retrogression,  when  such  retrogression  may  aid  in  the  preservation  of 
any  form  under  new  conditions.  They  also  lead  to  the  persistence, 
with  slight  modifications,  of  numerous  lowly  organized  forms  which 
are  suited  to  places  which  higher  forms  could  not  fully  occupy,  or  to 
conditions  under  which  they  could  not  exist.  Such  are  the  ocean 
depths,  the  soil  of  the  earth,  the  mud  of  rivers,  deep  caverns,  sub- 
terraneous waters,  etc;;  and  it  is  in  such  places  as  these,  as  well  as  in 
some  oceanic  islands  which  competing  higher  forms  have  not  been 
able  to  reach,  that  we  find  many  curious  relics  of  an  earlier  world, 
which,  in  the  free  air  and  sunlight  and  in  the  great  continents,  have 
long  since  been  driven  out  or  exterminated  by  higher  types. 
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Summary  of  the  first  Five  Chapter*. 

We  have  now  passed  in  review,  in  more  or  less  detail,  the  maip 
facts  on  which  the  theory  of  "  the  origin  of  species  by  means  of 
natural  selection  "  is  founded.  In  future  chapters  we  shall  have  to 
deal  mainly  with  the  application  of  the  theory  to  explain  the  varied 
and  complex  phenomena  presented  by  the  organic  world  ;  and,  also, 
to  discuss  some  of  the  theories  put  forth  by  modern  writers,  either  as 
being  more  fundamental  than  that  of  Darwin  or  as  supplementary  to 
it.  Before  doing  this,  however,  it  will  be  well  briefly  to  summarize 
the  facts  and  arguments  already  set  forth,  because  it  is  only  by  a  clear 
comprehension  of  these  that  the  full  importance  of  the  theory  can  be 
appreciated,  and  its  further  applications  understood. 

The  theory  itself  is  exceedingly  simple,  and  the  facts  en  which  it 
rests,  though  excessively  numerous  individually  and  coextensive  with 
the  entire  organic  world,  yet  come  under  a  few  simple  and  easily 
understood  classes.  These  facts  are,  first,  the  enormous  powers  of 
increase  in  geometrical  progression  possessed  by  all  organisms,  and 
the  inevitable  struggle  for  existence  among  them  ;  and,  in  the  second 
place,  the  occurrence  of  much  individual  variation  combined  with  the 
hereditary  transmission  of  such  variations.  From  these  two  great 
classes  of  facts,  which  are  universal  and  indisputable,  there  necessarily 
arises,  as  Darwin  termed  it,  the  "  preservation  of  favored  races  in  the 
struggle  for  life,"  the  continuous  action  of  which,  under  the  ever- 
changing  conditions  both  of  the  inorganic  and  organic  universe, 
necessarily  leads  to  the  formation  or  development  of  new  species. 

But,  although  this  general  statement  is  complete  and  indisputable, 
yet  to  see  its  applications  under  all  the  complex  conditions  that 
actually  occur  in  Nature,  it  is  necessary  always  to  bear  in  mind  the 
tremendous  power  and  universality  of  the  agencies  at  work.  We 
must  never  for  an  instant  lose  sight  of  the  fact  of  the  enormously 
rapid  increase  of  all  organisms,  which  has  been  illustrated  by  actual 
cases,  given  in  our  second  chapter,  no  less  than  by  calculations  of  the 
results  of  unchecked  increase  for  a  few  years.  Then,  never  forgetting 
that  the  animal  and  plant  population  of  any  country  is,  on  the  whole, 
stationary,  we  must  be  always  trying  to  realize  the  ever-recurring  de- 
struction of  the  enormous  annual  increase,  and  asking  ourselves  what 
determines,  in  each  individual  case,  the  death  of  the  many,  the 
survival  of  the  few.  We  must  think  over  all  the  causes  of  destruction 
to  each  organism, —  to  the  seed,  the  young  shoot,  the  growing  plant, 
the  full-grown  tree,  or  shrub,  or  herb,  and  again  the  fruit  and  seed ; 
and  among  animals,  to  the  egg  or  new-born  young,  to  the  youthful, 
and  to  the  adults.  Then,  we  must  always  bear  in  mind  that  what 
goes  on  in  the  case  of  the  individual  or  family  group  we  may  observe 
or  think  of,  goes  on  also  among  the  millions  and  scores  of  millions  of 
individuals  which  are  comprised  in  almost  every  species  ;  and  must 
get  rid  of  the  idea  that  chance  determines  which  shall  live  and  which 
die.  For,  although  in  many  individual  cases  death  may  be  due  to 
chance  rather  than  to  any  inferiority  in  those  which  die  first,  yet  we 
can  not  possibly  believe  that  this  can  be  the  case  on  the  large  scale 
on  which  Nature  works.  A  plant,  for  instance,  can  not  be  increased, 
unless  there  are  suitable  vacant  places  its  seeds  can  grow  in,  or  sta- 
tions where  it  can  overcome  other  less  vigorous  and  healthy  plants. 
The  seeds  of  all  plants,  by  their  varied  modes  of  dispersal,  may  be 
said  to  be  seeking  out  such  places  in  which  to  grow;  and  we  can  not 
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doubt  that,  in  the  long  run,  those  individuals  whose  seeds  are  the 
most  numerous,  have  the  greatest  powers  of  dispersal,  and  th« 
greatest  vigor  of  growth,  will  leave  more  descendants  than  the  individ- 
uals of  the  same  species  which  are  inferior  in  all  these  respects,  al- 
though now  and  then  some  seed  of  an  inferior  individual  may  chance 
to  be  carried  to  a  spot  where  it  can  grow  and  survive.  The  same  rule 
will  apply  to  every  period  of  life  and  to  every  danger  to  which  plants 
or  animals  are  exposed.  The  best  organized,  or  the  most  healthy,  or 
the  most  active,  or  the  best  protected,  or  the  most  intelligent,  will  in- 
evitably, in  the  long  run,  gain  an  advantage  over  those  which  are  in- 
ferior in  these  qualities ;  that  is,  the  fittest  will  survive,  the  fittest 
being,  in  each  particular  case,  those  which  are  superior  in  the  special 
qualities  on  which  safety  depends.  At  one  period  of  life,  or  to  escape 
one  kind  of  danger,  concealment  may  be  necessary;  at  another  time, 
to  escape  another  danger,  swiftness ;  at  another,  intelligence  or  cun- 
ning ;  at  another,  the  power  to  endure  rain  or  cold  or  hunger ;  and 
those  which  possess  all  these  faculties  in  the  fullest  perfection  will 
generally  survive. 

Having  fully  grasped  these  facts  in  all  their  fullness  and  in  their 
endless  and  complex  results,  we  have  next  to  consider  the  phenomena 
of  variation,  discussed  in  the  third  and  fourth  chapters ;  and  it  is  here 
that  perhaps  the  greatest  difficulty  will  be  felt  in  appreciating  the  full 
importance  of  the  evidence  as  set  forth.  It  has  been  so  generally  the 
practice  to  speak  of  variation  as  something  exceptional  and  compar- 
atively rare, —  as  an  abnormal  deviation  from  the  uniformity  and  sta- 
bility of  the  characters  of  a  species, —  and  so  few  even  among  natural- 
ists have  ever  compared,  accurately,  considerable  numbers  of  individ- 
uals, that  the  conception  of  variability  as  a  general  characteristic  of 
all  dominant  and  widespread  species,  large  in  its  amount  and  affecting, 
not  a  few,  but  considerable  masses  of  the  individuals  which  make  up 
the  species,  will  be  to  many  entirely  new.  Equally  important  is  the 
fact  that  the  variability  extends  to  every  organ  and  every  structure, 
external  and  internal ;  while  perhaps  most  important  of  all  is  the  in- 
dependent variability  of  these  several  parts,  each  one  varying  without 
any  constant  or  even  usual  dependence  on,  or  correlation  with,  other 
parts.  No  doubt  there  is  some  such  correlation  in  the  differences 
that  exist  between  species  and  species, —  more  developed  wings 
usually  accompanying  smaller  feet  and  vice  versa, —  but  that  is,  gen- 
erally, a  useful  adaptation  which  has  been  brought  about  by  natural 
selection,  and  does  not  apply  to  the  individual  variability  which  occurs 
within  the  species. 

It  is  because  these  facts  of  variation  are  so  important  and  so  little 
understood  that  they  have  been  discussed  in  what  will  seem  to  some 
readers  wearisome  and  unnecessary  detail.  Many  naturalists,  how- 
ever, will  hold  that  even  more  evidence  is  required;  and  more,  to 
almost  any  amount,  could  easily  have  been  given.  The  character  and 
variety  of  that  already  adduced  will,  however,  I  trust,  convince  most 
readers  that  the  facts  are  as  stated;  while  they  have  been  drawn 
from  a  sufficiently  wide  area  to  indicate  a  general  principle  through- 
out Nature. 

If,  now,  we  fully  realize  these  facts  of  variation,  along  with  those 
of  rapid  multiplication  and  the  struggle  for  existence,  most  of  the 
difficulties  in  the  way  of  comprehending  how  species  have  originated 
through  natural  selection  will  disappear.  For  whenever,  through 
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changes  of  climate,  or  of  altitude,  or  of  the  nature  of  the  soil,  or  of 
the  area  of  the  country,  any  species  are  exposed  to  new  dangers,  and 
have  to  maintain  themselves  and  provide  for  the  safety  of  their 
offspring  under  new  and  more  arduous  conditions,  then,  in  the  vari- 
ability of  all  parts,  organs,  and  structures,  no  less  than  of  habits  and 
intelligence,  we  have  the  means  of  producing  modifications  which 
will  certainly  bring  the  species  into  harmony  with  its  new  conditions. 
And  if  we  remember  that  all  such  physical  changes  are  slow  and 
gradual  in  their  operation,  we  shall  see  that  the  amount  of  variation 
which  we  know  occurs  in  every  new  generation  will  be  quite  sufficient 
to  enable  modification  and  adaptation  to  go  on  at  the  same  rate. 
Mr.  Darwin  was  rather  inclined  to  exaggerate  the  necessary  slowness 
of  the  action  of  natural  selection;  but  with  the  knowledge  we  now 
possess  of  the  great  amount  and  range  of  individual  variation,  there 
seems  no  difficulty  in  an  amount  of  change,  quite  equivalent  to  that 
which  usually  distinguishes  allied  species,  sometimes  taking  place  in 
less  than  a  century,  should  any  rapid  change  of  conditions  necessitate 
an  equally  rapid  adaptation.  This  may  often  have  occurred,  either  to 
immigrants  into  a  new  land,  or  to  residents  whose  country  has  been 
cut  off  by  subsidence  from  a  larger  and  more  varied  area  over  which 
they  had  formerly  roamed.  When  no  change  of  conditions  occurs, 
species  may  remain  unchanged  for  very  long  periods,  and  thus  pro- 
duce that  appearance  of  stability  of  species  which  is  even  now  often 
adduced  as  an  argument  against  evolution  by  natural  selection,  but 
which  is  really  quite  in  harmony  with  it. 

On  the  principles  and  by  the  light  of  the  facts  now  briefly  sum- 
marized, we  have  been  able,  in  the  present  chapter,  to  indicate  how 
natural  selection  acts,  how  divergence  of  character  is  set  up,  how 
adaptation  to  conditions  at  various  periods  of  life  has  been  effected, 
how  it  is  that  low  forms  of  lif e  continue  to  exist,  what  kind  of  circum- 
stances are  most  favorable  to  the  formation  of  new  species,  and,  lastly, 
to  what  extent  the  advance  of  organization  to  higher  types  is  pro- 
duced by  natural  selection.  We  will  now  pass  on  to  consider  some 
of  the  more  important  objections  and  difficulties  which  have  been 
advanced  by  eminent  naturalists. 
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CHAPTER  VL 

DIFFICULTIES   AND   OBJECTIONS. 

Difficulty  as  to  smallness  of  variations. — As  to  the  right  variations  occurring 
when  required. —  The  beginnings  of  important  organs. —  The  mammary 
glands. — The  eyes  of  flatfish. —  Origin  of  the  eye. —  Useless  or  non-adaptive 
characters. — Recent  extension  of  the  region  of  utility  in  plants. —  The  same 
in  animals. — Uses  of  tails. —  Of  the  horns  of  deer. —  Of  the  scale-ornamenta- 
tion of  reptiles. —  Instability  of  non-adaptive  characters. —  Delboeuf's  law. — 
No  "specific"  character  proved  to  be  useless. —  The  swamping  effects  of 
intercrossing. —  Isolation  as  preventing  intercrossing. —  Gulick  on  the  effects 
of  isolation. — Cases  in  which  isolation  is  ineffective. 

In  the  present  chapter  I  propose  to  discuss  the  more  obvious  and 
often  repeated  objections  to  Darwin's  theory,  and  to  show  how  far 
they  affect  its  character  as  a  true  and  sufficient  explanation  of  the 
origin  of  species.  The  more  recondite  difficulties,  affecting  such 
fundamental  questions  as  the  causes  and  laws  of  variability,  will  be 
left  for  a  future  chapter,  after  we  have  become  better  acquainted  with 
the  applications  of  the  theory  to  the  more  important  adaptations  and 
correlations  of  animal  and  plant  life. 

One  of  the  earliest  and  most  often  repeated  objections  was  that  it 
was  difficult  "to  imagine  a  reason  why  variations  tending  in  an  infin- 
itesimal degree  in  any  special  direction  should  be  preserved,"  or  to 
believe  that  the  complex  adaptation  of  living  organisms  could  have 
been  produced  "by  infinitesimal  beginnings."  Now  this  term  "infin- 
itesimal," used  by  a  well-known  early  critic  of  The  Origin  of  /Species, 
was  never  made  use  of  by  Darwin  himself,  who  spoke  only  of  varia- 
tions being  "  slight,"  and  of  the  "  small  amount "  of  the  variations  that 
might  be  selected.  Even  in  using  these  terms  he  undoubtedly  afforded 
grounds  for  the  objection  above  made,  that  such  small  and  slight 
variations  could  be  of  no  real  use,  and  would  not  determine  the  sur- 
vival of  the  individuals  possessing  them.  We  have  seen,  however,  in 
our  third  chapter,  that  even  Darwin's  terms  were  hardly  justified; 
and  that  the  variability  of  many  important  species  is  of  considerable 
amount,  and  may  very  often  be  properly  described  as  large.  As  this 
is  found  to  be  the  case  both  in  animals  and  plants,  and  in  all  their 
chief  groups  and  subdivisions,  and  also  to  apply  to  all  the  separate 
parts  and  organs  that  have  been  compared,  we  must  take  it  as  proved 
that  the  average  amount  of  variability  presents  no  difficulty  whatever 
in  the  way  of  the  action  of  natural  selection.  It  may  be  here  men- 
tioned that,  up  to  the  time  of  the  preparation  of  the  last  edition  of 
The  Origin  of  Species,  Darwin  had  not  seen  the  work  of  Mr.  J.  A. 
Allen  of  Harvard  University  (then  only  just  published),  which  gave  us 
the  first  body  of  accurate  comparisons  and  measurements  demon- 
strating this  large  amount  of  variability.  Since  then  evidence  of  this 
nature  has  been  accumulating,  and  we  are,  therefore,  now  in  a  far 
better  position  to  appreciate  the  facilities  for  natural  selection,  in  this 
respect,  than  was  Mr.  Darwin  himself. 

Another  objection  of  a  similar  nature  is,  that  the  chances  are  im- 
mensely against  the  right  variation  or  combination  of  variations 
occurring  just  when  required ;  and  further,  that  no  variation  can  be 
perpetuated  that  is  not  accompanied  by  several  concomitant  variations 
of  dependent  parts, —  greater  length  of  a  wing  in  a  bird,  for  example, 
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would  be  of  little  use  if  unaccompanied  by  increased  volume  of  con- 
tractility of  the  muscles  which  move  it.  This  objection  seemed  a  very 
strong  one  so  long  as  it  was  supposed  that  variations  occurred  singly 
and  at  considerable  intervals :  but  it  ceases  to  have  any  weight  now 
we  know  that  they  occur  simultaneously  in  various  parts  of  the 
organism,  and  also  in  a  large  proportion  of  the  individuals  which 
make  up  the  species.  A  considerable  number  of  individuals  will, 
therefore,  every  year  possess  the  required  combination  of  characters ; 
and  it  may  also  be  considered  probable  that  when  the  two  characters 
are  such  that  they  always  act  together,  there  will  be  such  a  correla- 
tion between  them  that  they  will  frequently  vary  together.  But  there 
is  another  consideration  that  seems  to  show  that  this  coincident  varia- 
tion is  not  essential.  All  animals  in  a  state  of  Nature  are  kept,  by  the 
constant  struggle  for  existence  and  the  survival  of  the  fittest,  in  such 
a  state  of  perfect  health  and  usually  superabundant  vigor,  that  in  all 
ordinary  circumstances  they  possess  a  surplus  power  in  every  impor- 
tant organ, —  a  surplus  only  drawn  upon  in  cases  of  the  direst  neces- 
sity, when  their  very  existence  is  at  stake.  It  follows,  therefore,  that 
any  additional  power  given  to  one  of  the  component  parts  of  an  organ 
must  be  useful, —  an  increase,  for  example,  either  in  the  wing-muscles 
or  in  the  form  or  length  of  the  wing  might  give  some  increased  powers 
of  flight;  and  thus  alternate  variations — in  one  generation  in  the 
muscles,  in  another  generation  hi  the  wing  itself — might  be  as  effective 
in  permanently  improving  the  powers  of  flight  as  coincident  variations 
at  longer  intervals.  On  either  supposition,  however,  this  objection 
appears  to  have  little  weight  if  we  take  into  consideration  the  large 
amount  of  coincident  variability  that  has  been  shown  to  exist. 

The  Beginnings  of  Important  Organs. 

We  now  come  to  an  objection  which  has  perhaps  been  more  fre- 
quently urged  than  any  other,  and  which  Darwin  himself  felt  to  have 
much  weight — the  first  beginnings  of  important  organs,  such,  for  ex- 
ample, as  wings,  eyes,  mammary  glands,  and  numerous  other  struct- 
ures. It  is  urged  that  it  is  almost  impossible  to  conceive  how  the 
first  rudiments  of  these  could  have  been  of  any  use ;  and,  if  not  of  use 
they  could  not  have  been  preserved  and  further  developed  by  natural 
selection. 

Now,  the  first  remark  to  be  made  on  objections  of  this  nature  is, 
that  they  are  really  outside  the  question  of  the  origin  of  all  existing 
species  from  allied  species  not  very  far  removed  from  them,  which  is 
all  that  Darwin  undertook  to  prove  by  means  of  his  theory.  Organs 
and  structures  such  as  those  above  mentioned  all  date  back  to  a  very 
remote  past,  when  the  world  and  its  inhabitants  were  both  very  differ- 
ent from  what  they  are  now.  To  ask  of  a  new  theory  that  it  shall 
reveal  to  us  exactly  what  took  place  in  remote  geological  epochs,  and 
how  it  took  place,  is  unreasonable.  The  most  that  should  be  asked  is 
that  some  probable  or  possible  mode  of  origination  should  be  pointed 
out  in  some  at  least  of  these  difficult  cases,  and  this  Mr.  Darwin  has 
done.  One  or  two  of  these  may  be  briefly  given  here,  but  the  whole 
series  should  be  carefully  read  by  any  one  who  wishes  to  see  how 
many  curious  facts  and  observations  have  been  required  in  order  to 
elucidate  them ;  whence  we  may  conclude  that  further  knowledge  will 
probably  throw  light  on  any  difficulties  that  still  remain.* 
*  See  Origin  of  Species,  pp.  176-198. 
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In  the  case  of  the  mammary  glands  Mr.  Darwin  remarks  that  it  i* 
admitted  that  the  ancestral  mammals  were  allied  to  the  marsupial*. 
Now  in  the  very  earliest  mammals,  almost  before  they  really  de- 
served that  name,  the  young  may  have  been  nourished  by  a  fluid 
secreted  by  the  interior  surface  of  the  marsupial  sac,  as  is  believed  to 
be  the  case  with  the  fish  Hippocampus,  whose  eggs  are  hatched 
within  a  somewhat  similar  sac.  This  being  the  case,  those  individuals 
which  secreted  a  more  nutritious  fluid,  and  those  whose  young  were 
:tble  to  obtain  and  swallow  a  more  constant  supply  by  suction, 
would  be  more  likely  to  live  and  come  to  a  healthy  maturity,  and 
would  therefore  be  preserved  by  natural  selection. 

In  another  case  which  has  been  adduced  as  one  of  special  difficulty, 
a  more  complete  explanation  is  given.  Soles,  turbots,  and  other  flat- 
fish are,  as  is  well  known,  unsymmetrical.  They  live  and  move  on 
their  sides,  the  under  side  being  usually  differently  colored  from  that 
which  is  kept  uppermost.  Now  the  eyes  of  these  fish  are  curiously 
distorted  in  order  that  both  eyes  may  be  on  the  upper  side,  where 
alone  they  would  be  of  any  use.  It  was  objected  by  Mr.  Mivart  that 
a  sudden  transformation  of  the  eye  from  one  side  to  the  other  was 
inconceivable,  while,  if  the  transit  were  gradual  the  first  step  could  be 
of  no  use,  since  this  would  not  remove  the  eye  from  the  lower  side. 
But,  as  Mr.  Darwin  shows  by  reference  to  the  researches  of  Malm  and 
others,  the  young  of  these  fish  are  quite  symmetrical,  and  during  their 
growth  exhibit  to  us  the  whole  process  of  change.  This  begins  by 
the  fish  (owing  to  the  increasing  depth  of  the  body)  being  unable  to 
maintain  the  vertical  position,  so  that  it  falls  on  one  side.  It  then 
twists  the  lower  eye  as  much  as  possible  towards  the  upper  side ;  and. 
the  whole  bony  structure  of  the  head  being  at  this  time  soft  and 
flexible,  the  constant  repetition  of  this  effort  causes  the  eye  gradually 
to  move  round  the  head  till  it  comes  to  the  upper  side.  Now  if  we 
suppose  this  process,  which  in  the  young  is  completed  in  a  few  days 
or  weeks,  to  have  been  spread  over  thousands  of  generations  during 
the  development  of  these  fish,  those  usually  surviving  whose  eyes 
retained  more  and  more  of  the  position  into  which  the  young  fish 
tried  to  twist  them,  the  change  becomes  intelligible  ;  though  it  still 
remains  one  of  the  most  extraordinary  cases  of  degeneration,  by  which 
symmetry — which  is  so  universal  a  characteristic  of  the  higher  animals 
— ie  lost,  in  order  that  the  creature  may  be  adapted  to  a  new  mode  of 
life  whereby  it  is  enabled  the  better  to  escape  danger  and  continue 
its  existence. 

The  most  difficult  case  of  all,  that  of  the  eye, —  the  thought  of 
which,  even  to  the  last,  Mr.  Darwin  says,  "  gave  him  a  cold  shiver," — 
is  nevertheless  shown  to  be  not  unintelligible ;  granting,  of  course, 
the  sensitiveness  to  light  of  some  forms  of  nervous  tissue.  For  he 
shows  that  there  are,  in  several  of  the  lower  animals,  mdiments  of 
eyes,  consisting  merely  of  pigment  cells  covered  with  a  translucent 
skin,  which  may  possibly  serve  to  distinguish  light  from  darkness,  but 
nothing  more.  Then  we  have  an  optic  nerve  and  pigment  cells  ;  then 
we  find  a  hollow  filled  with  gelatinous  substance  of  a  convex  form — 
the  first  rudiment  of  a  lens.  Many  of  the  succeeding  steps  are  lost, 
as  would  necessarily  be  the  case,  owing  to  the  great  advantage  of 
each  modification  which  gave  increased  distinctness  of  vision,  the 
creature  possessing  it  inevitably  surviving,  while  those  below  them 
became  extinct.  But  we  can  well  understand  how,  after  the  first  step 
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was  taken,  every  variation  tending  to  more  complete  vision  would  be 
preserved  till  we  reached  the  perfect  eye  of  birds  and  mammals.  Even 
this,  as  we  know,  is  not  absolutely,  but  only  relatively,  perfect.  Neither 
the  chromatic  nor  the  spherical  aberration  is  absolutely  corrected; 
while  long-  and  short-  sightedness  and  the  various  diseases  and  imper- 
fections to  which  the  eye  is  liable  may  be  looked  upon  as  relics  of  the 
imperfect  condition  from  which  the  eye  has  been  raised  by  variation 
and  natural  selection. 

These  few  examples  of  difficulties  as  to  the  origin  of  remarkable  or 
complex  organs  must  suffice  here ;  but  the  reader  who  wishes  further 
information  on  the  matter  may  study  carefully  the  whole  of  the 
sixth  and  seventh  chapters  of  the  last  edition  of  The  Origin  of  Species, 
in  which  these  and  many  other  cases  are  discussed  in  considerable 
detail. 

Useless   or  non-adaptive  Characters. 

Many  naturalists  seem  to  be  of  opinion  that  a  considerable  number 
of  the  characters  which  distinguish  species  are  of  no  service  whatever 
to  their  possessors,  and  therefore  can  not  have  been  produced  or 
increased  by  natural  selection.  Professors  Bronn  and  Broca  have 
urged  this  objection  on  the  continent.  In  America,  Dr.  Cope,  the 
well-known  palaeontologist,  has  long  since  put  forth  the  same  objection, 
declaring  that  non-adaptive  characters  are  as  numerous  as  those  which 
are  adaptive ;  but  he  differs  completely  from  most  who  hold  the  same 
general  opinion  in  considering  that  they  occur  chiefly  "in  the 
characters  of  the  classes,  orders,  families,  and  other  higher  groups"; 
and  the  objection,  therefore,  is  quite  distinct  from  that  in  which  it  is 
urged  that  "  specific  characters  "  are  mostly  useless.  More  recently 
Professor  G.  J.  Romanes  has  urged  this  difficulty  in  his  paper  on 
•'  Physiological  Selection  "  (Journ.  Linn.  Soc.,  vol.  xix.  pp.  338,  344). 
He  says  that  the  characters  "  which  serve  to  distinguish  allied  species 
are  frequently,  if  not  usually,  of  a  kind  with  which  natural  selection 
can  have  had  nothing  to  do,"  being  without  any  utilitarian  significance. 
Again  he  speaks  of  "  the  enormous  number,"  and  further  on  of  "  the 
innumerable  multitude "  of  specific  peculiarities  which  are  useless ; 
and  he  finally  declares  that  the  question  needs  no  further  arguing, 
"  because  in  the  later  editions  of  his  works  Mr.  Darwin  freely  acknowl- 
edges that  a  large  proportion  of  specific  distinctions  must  be  conceded 
to  be  useless  to  the  species  presenting  them." 

I  have  looked  in  vain  in  Mr.  Darwin's  works  to  find  any  such 
acknowledgment,  and  I  think  Mr.  Romanes  has  not  sufficiently 
distinguished  between  "  useless  characters "  and  "  useless  specific 
distinctions. '  On  referring  to  all  the  passages  indicated  by  him  I 
find  that,  in  regard  to  specific  characters,  Mr.  Darwin  is  very  cautious 
in  admitting  inutility.  His  most  pronounced  "  admissions  "  on  this 
question  are  the  following:  "But  when,  from  the  nature  of  the 
organism  and  of  the  conditions,  modifications  have  been  induced 
which  are  unimportant  for  the  welfare  of  the  species,  they  may  be, 
and  apparently  often  have  been,  transmitted  in  nearly  the  same  state 
to  numerous  otherwise  modified  descendants"  {Origin,  p.  175).  The 
words  I  have  here  italicised  clearly  show  that  such  characters  are 
usually  not  "  specific,"  in  the  sense  that  they  are  such  as  distinguish 
species  from  each  other,  but  are  found  in  numerous  allied  species. 
Again :  "  Thus  a  large  yet  undefined  extension  may  safely  be  given  to 
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the  direct  and  indirect  results  of  natural  selection ;  but  I  now  admit, 
after  reading  the  essay  of  Nageli  on  plants,  and  the  remarks  by  various 
authors  with  respect  to  animals,  more  especially  those  recently  made 
by  Professor  Broca,  that  in  the  earlier  editions  of  my  Origin  of /Species 
I  perhaps  attributed  too  much  to  the  action  of  natural  selection  or 
the  survival  of  the  fittest.  I  have  altered  the  fifth  edition  of  the 
Origin  so  as  to  confine  my  remarks  to  adaptive  changes  of  structure, 
but  I  am  convinced,  from  the  light  gained  during  even  the  last  few 
years,  that  very  many  structures  which  now  appear  to  us  useless,  will 
hereafter  be  proved  to  be  useful,  and  will  therefore  come  within  the 
range  of  natural  selection.  Nevertheless  I  did  not  formerly  consider 
sufficiently  the  existence  of  structures  which,  as  far  as  we  can  at  pres- 
ent judge,  are  neither  beneficial  nor  injurious ;  and  this  I  believe  to 
be  one  of  the  greatest  oversights  as  yet  detected  in  my  work."  Now 
it  is  to  be  remarked  that  neither  in  these  passages  nor  in  any  of  the 
other  less  distinct  expressions  of  opinion  on  this  question,  does 
Darwin  ever  admit  that  "  specific  characters" — that  is,  the  particular 
characters  which  serve  to  distinguish  one  species  from  another — are 
ever  useless,  much  less  that  "  a  large  proportion  of  them  "  are  so,  as 
Mr.  Romanes  makes  him  "  freely  acknowledge."  On  the  other  hand, 
in  the  passages  which  I  have  italicised  he  strongly  expresses  his  view 
that  much  of  what  we  suppose  to  be  useless  is  due  to  our  ignorance  ; 
and  as  I  hold  myself  that,  as  regards  many  of  the  supposed  useless 
characters,  this  is  the  true  explanation,  it  may  be  well  to  give  a  brief 
sketch  of  the  progress  of  knowledge  in  transferring  characters  from 
the  one  category  to  the  other. 

We  have  only  to  go  back  a  single  generation,  and  not  even  the 
most  acute  botanist  could  have  suggested  a  reasonable  use  for  each 
species  of  plant,  of  the  infinitely  varied  forms,  sizes,  and  colors  of  the 
flowers,  the  shapes  and  arrangement  of  the  leaves,  and  the  numerous 
other  external  characters  of  the  whole  plant.  But  since  Mr.  Darwin 
showed  that  plants  gained  both  in  vigor  and  in  fertility  by  being 
crossed  with  other  individuals  of  the  same  species,  and  that  this 
crossing  was  usually  effected  by  insects  which,  in  search  of  nectar  or 
pollen,  carried  the  pollen  from  one  plant  to  the  flowers  of  another 
plant,  almost  every  detail  is  found  to  have  a  purpose  and  a  use.  The 
shape,  the  size,  and  the  color  of  the  petals,  even  the  streaks  and  spots 
with  which  they  are  adorned,  the  position  in  which  they  stand,  the 
movements  of  the  stamens  and  pistil  at  various  times,  especially  at 
the  period  of,  and  just  after,  fertilization,  have  been  proved  to  be 
strictly  adaptive  in  so  many  cases  that  botanists  now  believe  that  all 
the  external  characters  of  flowers  either  are  or  have  been  of  use  to  the 
species. 

It  has  also  been  shown,  by  Kerner  and  other  botanists,  that  another 
set  of  characteristics  have  relation  to  the  prevention  of  ants,  slugs, 
and  other  animals  from  reaching  the  flowers,  because  these  creatures 
would  devour  or  injure  them  without  effecting  fertilization.  The 
spines,  hairs,  or  sticky  glands  on  the  stem  or  flower-stalk,  the  curious 
hairs  or  processes  shutting  up  the  flower,  or  sometimes  even  the  ex- 
treme smoothness  and  polish  of  the  outside  of  the  petals  so  that  few 
insects  can  hang  to  the  part,  have  been  shown  to  be  related  to  the 
possible  intrusion  of  these  "unbidden  guests."*  And,  still  more  re- 

*  See  Kernels  Flowers  and  their  Unbidden  Guests  for  numerous  other  struct- 
ures and  peculiarities  of  plants  which  are  shown  to  be  adaptive  and  useful. 
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cently,  attempts  have  been  made  by  Grant  Allen  and  Sir  John  Lubbock 
to  account  for  the  innumerable  forms,  textures,  and  groupings  of  leaves, 
by  their  relation  to  the  needs  of  the  plants  themselves;  and  there  can 
be  little  doubt  that  these  attempts  will  be  ultimately  successful. 
Again,  just  as  flowers  have  been  adapted  to  secure  fertilization  or 
cross-fertilization,  fruits  have  been  developed  to  assist  in  the  disposal 
of  seeds ;  and  their  forms,  sizes,  juices,  and  colors  can  be  shown  to  be 
specially  adapted  to  secure  such  dispersal  by  the  agency  of  birds  and 
mammals ;  while  the  same  end  is  secured  in  other  cases  by  downy 
seeds  to  be  wafted  through  the  air,  or  by  hooked  or  sticky  seed-vessels 
to  be  carried  away,  attached  to  skin,  wool,  or  feathers. 

Here,  then,  we  have  an  enormous  extension  of  the  region  of  utility 
in  the  vegetable, kingdom,  and  one,  moreover,  which  includes  almost 
all  the  specific  characters  of  plants.  For  the  species  of  plants  are 
usually  characterized  either  by  differences  in  the  form,  size,  and  color 
of  the  flowers,  or  of  the  fruits ;  or  by  peculiarities  in  the  spines,  hairs, 
or  down  with  which  various  parts  of  the  plant  are  clothed.  In  the 
case  of  plants  it  must  certainly  be  admitted  that  "  specific  "  characters 
are  pre-eminently  adaptive ;  and  though  there  may  be  some  which  are 
not  so,  yet  all  those  referred  to  by  Darwin  as  having  been  adduced  by 
various  botanists  as  useless,  either  pertain  to  genera  or  higher  groups 
or  are  found  in  some  plants  of  a  species  only, —  that  is,  are  individual 
variations,  not  specific  characters. 

In  the  case  of  animals,  the  most  recent  wide  extension  of  the  sphere 
of  utility  has  been  in  the  matter  of  their  colors  and  markings.  It  was, 
of  course,  always  known  that  certain  creatures  gained  protection  by 
their  resemblance  to  their  normal  surroun dings,  as  in  the  case  of 
white  arctic  animals,  the  yellow  or  white  tints  of  those  living  in 
deserts,  and  the  green  hues  of  many  birds  and  insects  surrounded  by 
tropical  vegetation.  But  of  late  years  these  cases  have  been  greatly 
increased  both  in  number  and  variety,  especially  in  regard  to  those 
which  closely  imitate  special  objects  among  which  they  live;  and  there 
are  other  kinds  of  coloration  which  long  appeared  to  have  no  use. 
Large  numbers  of  animals,  more  especially  insects,  are  gaudily  colored, 
either  with  vivid  hues  or  with  striking  patterns,  so  as  to  be  very  easily 
seen.  Now  it  has  been  found  that  in  almost  all  these  cases  the 
creatures  possess  some  special  quality  which  prevents  their  being  at- 
tacked by  the  enemies  of  their  kind  whenever  the  peculiarity  is  known ; 
and  the  brilliant  or  conspicuous  colors  or  markings  serve  as  a  warning 
or  signal-flag  against  attack.  Large  numbers  of  insects  thus  colored 
are  nauseous  and  inedible ;  others,  like  wasps  and  bees,  have  stings ; 
others  are  too  hard  to  be  eaten  by  small  birds ;  while  snakes  with 
poisonous  fangs  usually  have  some  characteristic  either  of  rattle,  hood, 
or  unusual  color,  which  indicates  that  they  had  better  be  left  alone. 

But  there  is  yet  another  form  of  coloration,  which  consists  in 
special  markings — bands,  spots,  or  patches  of  white,  or  of  bright 
color,  which  vary  in  every  species,  and  are  often  concealed  when  the 
creature  is  at  rest  but  displayed  when  in  motion, —  as  in  the  case  of 
the  bands  and  spots  so  frequent  on  the  wings  and  tails  of  birds.  Now 
these  specific  markings  are  believed,  with  good  reason,  to  serve  the 
purpose  of  enabling  each  species  to  be  quickly  recognized,  even  at  a 
distance,  by  its  fellows,  especially  the  parents  by  their  young  and  the 
two  sexes  by  each  other;  and  this  recognition  must  often  be  an 
important  factor  in  securing  the  safety  of  individuals,  and  therefore 
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the  well-being  and  continuance  of  the  species.  These  interesting 
peculiarities  will  be  more  fully  described  in  a  future  chapter,  but  they 
are  chiefly  referred  to  here  in  order  to  show  that  the  most  common  of 
all  the  characters  by  which  species  are  distinguished  from  each  other 
— their  colors  and  markings — can  be  shown  to  be  adaptive  or  utilitarian 
in  their  nature. 

But  besides  color  there  are  almost  always  some  structural  characters 
which  distinguish  species  from  species ;  and,  as  regards  many  of  these 
also,  an  adaptive  character  can  be  often  discerned.  In  birds,  for 
instance,  we  have  differences  in  the  size  or  shape  of  the  bill  or  the 
feet,  in  the  length  of  the  wing  or  the  tail,  and  in  the  proportions  of 
the  several  feathers  of  which  these  organs  are  composed.  All  these 
differences  in  the  organs  on  which  the  very  existence  of  birds  depends, 
which  determine  the  character  of  flight,  facility  for  running  or  climbing, 
for  inhabiting  chiefly  the  ground  or  trees,  and  the  kind  of  food  that 
can  be  most  easily  obtained  for  themselves  and  their  offspring,  must 
surely  be  in  the  highest  degree  utilitarian ;  although  in  each  individual 
case  we,  in  our  ignorance  of  the  minutiae  of  their  life-history,  may  be 
quite  unable  to  see  the  use.  In  mammalia  specific  differences  other 
than  color  usually  consist  in  the  length  or  shape  of  the  ears  and  tail. 
in  the  proportions  of  the  limbs,  or  in  the  length  and  quality  of  the 
hair  on  different  parts  of  the  body.  As  regards  the  ears  and  tail,  one 
of  the  objections  by  Professor  Bronn  relates  to  this  very  point.  He 
states  that  the  length  of  these  organs  differs  in  the  various  species  of 
hares  and  of  mice,  and  he  considers  that  this  difference  can  be  of  no 
service  whatever  to  their  possessors.  But  to  this  objection  Darwin 
replies  that  it  has  been  shown  by  Dr.  Schobl  that  the  ears  of  mice 
"  are  supplied  in  an  extraordinary  manner  with  nerves,  so  that  they 
no  doubt  serve  as  tactile  organs."  Hence,  when  we  consider  the  life 
of  mice,  either  nocturnal  or  seeking  their  food  in  dark  and  confined 
places,  the  length  of  the  ears  may  be  in  each  case  adapted  to  the  par- 
ticular habits  and  surroundings  of  the  species.  Again,  the  tail,  in  the 
larger  mammals,  often  serves  the  purpose  of  driving  off  flies  and 
other  insects  from  the  body;  and  when  we  consider  in  how  many 
parts  of  the  world  flies  are  injurious  or  even  fatal  to  large  mammals, 
we  see  that  the  peculiar  characteristics  of  this  organ  may  in  each 
case  have  been  adapted  to  its  requirements  in  the  particular  area 
where  the  species  was  developed.  The  tail  is  also  believed  to  have 
some  use  as  a  balancing  organ,  which  assists  an  animal  to  turn  easily 
and  rapidly,  much  as  our  arms  are  used  when  running ;  while  in 
whole  groups  it  is  a  prehensile  organ,  and  has  become  modified  in 
accordance  with  the  habits  and  needs  of  each  species.  In  the  case  of 
mice  it  is  thus  used  by  the  young.  Darwin  informs  us  that  the  late 
Professor  Henslow  kept  some  harvest-mice  in  confinement,  and 
observed  that  they  frequently  curled  their  tails  round  the  branches 
of  a  bush  placed  in  the  cage,  and  thus  aided  themselves  in  climbing ; 
while  Dr.  Gunther  has  actually  seen  a  mouse  suspend  itself  by  the 
tail  (Origin,  p.  189). 

Again,  Mr.  Lawson  Tait  has  called  attention  to  the  use  of  the  tail 
in  the  cat,  squirrel,  yak,  and  many  other  animals,  as  a  means  of  pre- 
serving the  heat  of  the  body  during  the  nocturnal  and  the  winter 
sleep.  He  says  that  in  cold  weather  animals  with  long  or  bushy  tails 
will  be  found  lying  curled  up,  with  their  tails  carefully  laid  over  their 
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feet  like  a  rug,  and  with  their  noses  buried  in  the  fur  of  the  tail,  which 
IB  thus  used  in  exactly  the  same  way  and  for  the  same  purpose  as  we 
u«e  respirators.* 

Another  illustration  is  furnished  by  the  horns  of  deer,  which, 
especially  when  very  large,  have  been  supposed  to  be  a  danger  to  the 
animal  in  passing  rapidly  through  dense  thickets.  But  Sir  James 
Hector  states  that  the  wapiti,  in  North  America,  throws  back  its  head, 
thus  placing  the  horns  along  the  sides  of  the  back,  and  is  then  enabled 
to  rush  through  the  thickest  forest  with  great  rapidity.  The  brow- 
antlers  protect  the  face  and  eyes,  while  the  widely  spreading  horns 
prevent  injury  to  the  neck  or  flanks.  Thus  an  organ  which  was  cer- 
tainly developed  as  a  sexual  weapon  has  been  so  guided  and  modified 
during  its  increase  in  size  as  to  be  of  use  in  other  ways.  A  similar 
ase  of  the  antlers  of  deer  has  been  observed  in  India.f 

The  various  classes  of  facts  now  referred  to  serve  to  show  us  that, 
in  the  case  of  the  two  higher  groups — mammalia  and  birds — almost 
all  the  characters  by  which  species  are  distinguished  from  each  other 
are,  or  may  be,  adaptive.  It  is  these  two  classes  of  animals  which 
have  been  most  studied  and  whose  life-histories  are  supposed  to  be 
most  fully  known,  yet  even  here  the  assertion  of  inutility,  by  an 
eminent  naturalist,  in  the  case  of  two  important  organs,  has  been 
sufficiently  met  by  minute  details  either  in  the  anatomy  or  in  the 
habits  of  the  groups  referred  to.  Such  a  fact  as  this,  together  with 
the  extensive  series  of  characters  already  enumerated  which  have  been 
ot  late  years  transferred  from  the  "  useless  "  to  the  "  useful "  class, 
should  convince  us  that  the  assertion  of  "  inutili ty  "  in  the  case  of 
any  organ  or  peculiarity  which  is  not  a  rudiment  or  a  correlation, 
is  not,  and  can  never  be,  the  statement  of  a  fact,  but  merely  an 
expression  of  our  ignorance  of  its  purpose  or  origin.J 

*  Nature,  vol.  xx.  p.  603.  f  Nature,  vol.  xxxviii.  p.  328. 

J  A  very  remarkable  illustration  of  function  in  an  apparently  useless  orna- 
ment is  given  by  Semper.  He  says,  "It  is  known  that  the  skin  of  reptiles 
incloses  the  body  with  scales.  These  scales  are  distinguished  by  very  various 
sculpturings,  highly  characteristic  of  the  different  species.  Irrespective  of  their 
systematic  significance  they  appear  to  be  of  no  value  in  the  life  of  the  animal; 
indeed,  they  are  viewed  as  ornamental  without  regard  to  the  fact  that  they  are 
microscopic  and  much  too  delicate  to  be  visible  to  other  animals  of  their  own 
species.  It  might,  therefore,  seem  hopeless  to  show  the  necessity  for  their 
existence  on  Darwinian  principles,  and  to  prove  that  they  are  physiologically 
active  organs.  Nevertheless,  recent  investigations  on  this  point  have  furnished 
evidence  that  this  is  possible. 

"It  is  known  that  many  reptiles,  and  above  all  the  snakes,  cast  off  the  whole 
skin  at  once,  whereas  human  beings  do  so  by  degrees.  If  by  any  accident  they 
are  prevented  doing  so,  they  infallibly  die,  because  the  old  skin  has  grown  so 
tough  and  hard  that  it  hinders  the  increase  in  volume  which  is  inseparable  from 
the  growth  of  the  animal.  The  casting  of  the  skin  is  induced  by  the  formation 
on  the  surface  of  the  inner  epidermis  of  a  layer  of  very  fine  and  equally  dis- 
tributed hairs,  which  evidently  serve  the  purpose  of  mechanically  raising  the 
old  skin  by  their  rigidity  and  position.  These  hairs  then  may  be  designated  as 
casting  ha'irs.  That  they  are  destined  and  calculated  for  this  end  is  evident  to 
me  from  the  fact  established  by  Dr.  Braun  that  the  casting  of  the  shells  of  the 
river  crayfish  is  induced  in  exactly  the  same  manner  by  the  formation  of  a  coat- 
ing of  hairs  which  mechanically  loosens  the  old  skin  or  shell  from  the  new.  Now 
the  researches  of  Braun  and  'Cartier  have  shown  that  these  casting  hairs, — 
which  serve  the  same  purpose  in  two  groups  of  animals  so  far  apart  in  the 
systematic  scale, —  after  the  casting,  are  partly  transformed  into  the  concentric 
stripes,  sharp  spikes,  ridges,  or  warts  which  ornament  the  outer  edges  of  the 
skin-scales  of  reptiles  or  the  carapace  of  crabs."  *  Professor  Semper  adds  that 

'  The  Xatural  Conditions  of  Existence  as  they  affect  Animal  Life,  p.  18. 
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Instability  of  Non-adaptive  Characters. 

One  very  weighty  objection  to  the  theory  that  specific  characters 
can  ever  be  wholly  useless  (or  wholly  unconnected  with  useful  organs 
by  correlation  of  growth)  appears  to  have  been  overlooked  by  those 
who  have  maintained  the  frequency  of  such  characters,  and  that  is, 
their  almost  necessary  instability.  Darwin  has  remarked  on  the 
extreme  variability  of  secondary  sexual  characters — such  as  the  horns, 
crests,  plumes,  etc.,  which  are  found  in  males  only, —  the  reason  being, 
that,  although  of  some  use,  they  are  not  of  such  direct  and  vital 
importance  as  those  adaptive  characters  on  which  the  well-being  and 
very  existence  of  the  animals  depend.  But  in  the  case  of  wholly 
useless  structures,  which  are  not  rudiments  of  once  useful  organs,  we 
can  not  see  what  there  is  to  insure  any  amount  of  constancy  or  stability. 
One  of  the  cases  on  which  Mr.  Romanes  lays  great  stress  in  his  paper 
on  "  Physiological  Selection  "  (Journ.  Linn.  Soc.,  vol.  xix.  p.  384)  is 
that  of  the  fleshy  appendages  on  the  corners  of  the  jaw  of  Normandy 
pigs  and  of  some  other  breeds.  But  it  is  expressly  stated  that  they  are 
not  constant ;  they  appear  "  frequently,"  or  "  occasionally";  they  are 
"  not  strictly  inherited,  for  they  occur  or  fail  in  animals  of  the  same 
Utter";  and  they  are  not  always  symmetrical,  sometimes  appearing  on 
one  side  of  the  face  alone.  Now  whatever  may  be  the  cause  or 
explanation  of  these  anomalous  appendages  they  can  not  be  classed 
with  "specific  characters,"  the  most  essential  features  of  which  are 
that  they  are  symmetrical,  that  they  are  inherited,  and  that  they  are 
constant.  Admitting  that  this  peculiar  appendage  is  (as  Mr.  Romanes 
says  rather  confidently  "we  happen  to  know  it  to  be")  wholly  useless 
and  meaningless,  the  fact  would  be  rather  an  argument  against  specific 
characters  being  also  meaningless,  because  the  latter  never  have  the 
characteristics  which  this  particular  variation  possesses. 

this  example,  with  many  others  that  might  be  quoted,  shows  that  we  need  not 
abandon  the  hope  of  explaining  morphological  characters  on  Darwinian  prin- 
ciples, although  their  nature  is  often  difficult  to  understand. 

During  a  recent  discussion  of  this  question  in  the  pages  of  Nature,  Mr.  St. 
George  Mivart  adduces  several  examples  of  what  he  deems  useless  specific 
characters.  Among  them  are  the  aborted  index-finger  of  the  lemurine  Potto 
and  the  thumbless  hands  of  Colobus  and  Ateles,  the  ' '  life-saving  action "  of 
either  of  which  he  thinks  incredible.  These  cases  suggest  two  remarks.  In  the 
first  place,  they  involve  generic  not  specific  characters;  and  the  three  genera 
adduced  are  somewhat  isolated,  implying  considerable  antiquity  and  the  extinc- 
tion of  many  allied  forms.  This  is  important,  because  it  affords  ample  time  for 
great  changes  of  conditions  since  the  structures  in  question  originated;  and 
without  a  knowledge  of  these  changes  we  can  never  safely  assert  that  any  detail 
of  structure  could  not  have  been  useful.  In  the  second  place,  all  three  are  cases 
of  aborted  or  rudimentary  organs ;  and  these  are  admitted  to  be  explained  by 
non-use,  leading  to  diminution  of  size,  a  further  reduction  being  brought  about 
by  the  action  of  the  principle  of  economy  of  growth.  But,  when  so  reduced,  the 
rudiment  might  be  inconvenient  or  even  hurtful,  and  then  natural  selection 
would  aid  in  its  complete  abortion;  in  other  words,  the  abortion  of  the  part 
would  be  useful,  and  would  therefore  be  subject  to  the  law  of  survival  of  the 
fittest.  The  genera  Ateles  and  Colobus  are  two  of  the  most  purely  arboreal 
types  of  monkeys,  and  it  is  not  difficult  to  conceive  that  the  constant  use  of  the 
elongated  fingers  for  climbing  from  tree  to  tree,  and  catching  on  to  branches 
while  making  great  leaps,  might  require  all  the  nervous  energy  and  muscular 
growth  to  be  directed  to  the  fingers,  the  small  thumb  remaining  useless.  The 
case  of  the  Potto  is  more  difficult,  both  because  it  is,  presumably,  a  more  ancient 
type,  and  its  actual  life-history  and  habits  are  completely  unknown.  These 
cases  are,  therefore,  not  at  "all  to  the  point  as  proving  that  positive  specific  char- 
acters—  not  mere  rudiments  characterizing  whole  genera — are  in  any  case  use- 
less. Mr.  Mivart  further  objects  to  the  alleged  rigidity  of  the  action  of  natural 
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These  useless  or  non-adaptive  characters  are,  apparently,  of  the 
same  nature  as  .the  "  sports  "  that  arise  in  our  domestic  productions, 
but  which,  as  Mr.  Darwin  says,  without  the  aid  of  selection  would 
soon  disappear ;  while  some  of  them  may  be  correlations  with  other 
characters  which  are  or  have  been  useful.  Some  of  these  correlations 
are  very  curious.  Mr.  Tegetmeier  informed  Mr.  Darwin  that  the 
young  of  white,  yellow,  or  dun-colored  pigeons  are  born  almost  naked, 
whereas  other  colored  pigeons  are  born  well  clothed  with  down.  Now, 
if  this  difference  occurred  between  wild  species  of  different  colors,  it 
might  be  said  that  the  nakedness  of  the  young  could  not  be  of  any 
use.  But  the  color  with  which  it  is  correlated  might,  as  has  been 
shown,  be  useful  in  many  ways.  The  skin  and  its  various  appendages 
— as  horns,  hoofs,  hair,  feathers,  and  teeth — are  homologous  parts, 
and  are  subject  to  very  strange  correlations  of  growth.  In  Paraguay, 
horses  with  curled  hair  occur,  and  these  always  have  hoofs  exactly 
like  those  of  a  mule,  while  the  hair  of  the  mane  and  tail  is  much 
shorter  than  usual.  Now,  if  any  one  of  these  characters  were  useful, 
the  others  correlated  with  it  might  be  themselves  useless,  but  would 
still  be  tolerably  constant  because  dependent  on  a  useful  organ.  So 
the  tusks  and  the  bristles  of  the  boar  are  correlated  and  vary  in 
development  together,  and  the  former  only  may  be  useful,  or  both 
may  be  useful  in  unequal  degrees. 

The  difficulty  as  to  how  individual  differences  or  sports  can  become 
fixed  and  perpetuated,  if  altogether  useless,  is  evaded  by  those  who 
hold  that  such  characters  are  exceedingly  common.  Mr.  Romanes 
says  that,  upon  his  theory  of  physiological  selection,  "  it  is  quite 
intelligible  that  when  a  varietal  form  is  differentiated  from  its  parent 
form  by  the  bar  of  sterility,  any  little  meaningless  particularities  of 
structure  or  of  instinct  should  at  first  be  allowed  to  arise,  and  that  they 
should  then  be  allowed  to  perpetuate  themselves  by  heredity,"  until 
they  are  finally  eliminated  by  disuse.  But  this  is  entirely  begging  the 
question.  Do  meaningless  peculiarities,  which  we  admit  often  arise 
as  spontaneous  variations,  ever  perpetuate  themselves  in  all  the 
individuals  constituting  a  variety  or  race,  without  selection  either 
human  or  natural  ?  Such  characters  present  themselves  as  unstable 
variations,  and  as  such  they  remain,  unless  preserved  and  accumulated 
by  selection ;  and  they  can  therefore  never  become  "specific"  characters 
unless  they  are  strictly  correlated  with  some  useful  and  important 
peculiarities. 

selection,  because  wounded  or  malformed  animals  have  been  found  which  had 
evidently  lived  a  considerable  time  in  their  imperfect  condition.  But  this  simply 
proves  that  they  were  living  under  a  temporarily  favorable  environment,  and 
that  the  real  struggle  for  existence,  in  their  case,  had  not  yet  taken  place.  We 
must  surely  admit  that,  when  the  pinch  came,  and  phen  perfectly  formed  stoats 
were  dying  for  want  of  food,  the  one-footed  animal  referred  to  by  Mr.  Mivart 
would  be  among  the  first  to  succumb ;  and  the  same  remark  will  apply  to  his 
abnormally  toothed  hares  and  rheumatic  monkeys,  which  might,  nevertheless, 
fret  on  very  well  under  favorable  conditions.  The  struggle  for  existence,  under 
which  all  animals  and  plants  have  been  developed,  is  intermittent,  and  exceed- 
ingly irregular  in  its  incidence  and  severity.  It  is  most  severe  and  fatal  to  the 
young ;  but  when  an  animal  has  once  reached  maturity,  and  especially  when  it 
has  gained  experience  by  several  years  of  an  eventful  existence,  it  may  be  able 
to  maintain  itself  under  conditions  which  would  be  fatal  to  a  young  and  inexpe- 
rienced creature  of  the  same  species.  The  examples  adduced  by  Mr.  Mivart  do 
not,  therefore,  in  any  way  impugn  the  hardness  of  Nature  as  a  taskmaster,  or 
the  extreme  severity  of  the  recurring  struggle  for  existence,* 

*  See  Nature,  voL  xxxix.  p.  127. 
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As  bearing  upon  this  question  we  may  refer  to  what  is  termed 
Delbcaufs  law,  which  has  been  thus  briefly  stated  by  Mr.  Murphy  m 
his  work  on  Habit  and  Intelligence,  p.  241. 

"  If,  in  any  species,  a  number  of  individuals,  bearing  a  ratio  not 
infinitely  small  to  the  entire  number  of  births,  are  in  every  generation 
born  with  a  particular  variation  which  is  neither  beneficial  nor  inju- 
rious, and  if  it  is  not  counteracted  by  reversion,  then  the  proportion  of 
the  new  variety  to  the  original  form  will  increase  till  it  approaches 
indefinitely  near  to  equality." 

It  is  not  impossible  that  some  definite  varieties,  such  as  the  melanic 
form  of  the  jaguar  and  the  bridled  variety  of  the  guillemot  are  due  to 
this  cause ;  but  from  their  very  nature  such  varieties  are  unstable,  and 
are  continually  reproduced  in  varying  proportions  from  the  parent 
forms.  They  can,  therefore,  never  constitute  species  unless  the  varia- 
tion in  question  becomes  beneficial,  when  it  will  be  fixed  by  natural 
selection.  Darwin,  it  is  true,  says :  "  There  can  be  little  doubt  that 
the  tendency  to  vary  in  the  same  manner  has  often  been  so  strong  that 
all  the  individuals  of  the  same  species  have  been  similarly  modified 
without  the  aid  of  any  form  of  selection."*  But  no  proof  whatever  is 
offered  of  this  statement,  and  it  is  so  entirely  opposed  to  all  we  know 
of  the  facts  of  the  variation,  as  given  by  Darwin  himself,  that  the 
important  word  "all  "  is  probably  an  oversight. 

On  the  whole,  then,  I  submit,  not  only  has  it  not  been  proved  that  an 
"enormous  number  of  specific  peculiarities"  are  useless,  and  that,  as  a 
logical  result,  natural  selection  is  "not  a  theory  of  the  origin  of  species," 
but  only  of  the  origin  of  adaptations  which  are  usually  common  to 
many  species,  or,  more  commonly,  to  genera  and  families ;  but,  I  urge 
further,  it  has  not  even  been  proved  that  any  truly  "  specific  "  charac- 
ters— those  which  either  singly  or  in  combination  distinguish  each 
species  from  its  nearest  allies — are  entirely  unadaptive,  useless,  and 
meaningless  ;  while  a  great  body  of  facts  on  the  one  hand,  and  some 
weighty  arguments  on  the  other,  alike  prove  that  specific  characters 
have  been,  and  could  only  have  been,  developed  and  fixed  by  natural 
selection  because  of  their  utility.  We  may  admit  that  among  the 
great  number  of  variations  and  sports  which  continually  arise  many 
are  altogether  useless  without  being  hurtful;  but  no  cause  or  influence 
has  been  adduced  adequate  to  render  such  characters  fixed  and  con- 
stant throughout  the  vast  number  of  individuals  which  constitute  any 
of  the  more  dominant  species.f 

The  Swamping  Effects  of  Intercrossing. 

This  supposed  insuperable  difficulty  was  first  advanced  in  an  article 
in  the  North  British  Review,  in  1867,  and  much  attention  has  been 
attracted  to  it  by  the  acknowledgment  of  Mr.  Darwin  that  it  proved 

*  Origin  of  Species,  p.  72. 

t  Darwin's  latest  expression  of  opinion  on  this  question  is  interesting,  since 
it  shows  that  he  was  inclined  to  return  to  his  earlier  view  of  the  general,  or 
universal,  utility  of  specific  characters.  In  a  letter  to  Semper  (30th  Nov.,  1878) 
he  writes:  "As  our  knowledge  advances,  very  slight  differences,  considered  by 
systematists  as  of  no  importance  in  structure,  are  continually  found  to  be  func- 
tionally important ;  and  I  have  been  especially  struck  with  this  fact  in  the  case 
of  plants,  to  which  my  observations  have,  of  late  years,  been  confined.  There- 
fore it  seems  to  me  rather  rash  to  consider  slight  differences  between  represent- 
ative species — for  instance,  those  inhabiting  the  different  islands  of  the  same 
archipelago  —  as  of  no  functional  importance,  and  as  not  in  any  way  due  to 
natural  $election,"—  tyfe  of  Darwin,  vol.  iii.  p.  161. 
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io  him  that  "  single  variations,"  or  what  are  usually  termed  "  sports, ** 
could  very  rarely,  if  ever,  be  perpetrated  in  a  state  of  Nature,  as  he  had 
at  first  thought  might  occasionally  be  the  case.  But  he  had  always 
considered  that  the  chief  part,  and  latterly  the  whole,  of  the  materials 
with  which  natural  selection  works,  was  afforded  by  individual  varia- 
tions, or  that  amount  of  ever-fluctuating  variability  which  exists  in  all 
organisms  and  in  all  their  parts.  Other  writers  have  urged  the  same 
objection,  even  as  against  individual  variability,  apparently  in  total 
ignorance  of  its  amount  and  range  ;  and  quite  recently  Professor  G.  J. 
Romanes  has  adduced  it  as  one  of  the  difficulties  which  can  alone  be 
overcome  by  his  theory  of  physiological  selection.  He  urges  that  the 
same  variation  does  not  occur  simultaneously  in  a  number  of  individuals 
inhabiting  the  same  area,  and  that  it  is  mere  assumption  to  say  it  does ; 
while  he  admits  that  "  if  the  assumption  were  granted  there  would  be 
an  end  of  the  present  difficulty;  for  if  a  sufficient  number  of  individuals 
were  thus  simultaneously  and  similarly  modified,  there  need  be  no 
longer  any  danger  of  the  variety  becoming  swamped  by  intercrossing." 
I  must  again  refer  my  readers  to  my  third  chapter  for  the  proof  that 
such  simultaneous  variability  is  not  an  assumption,  but  a  fact;  but, 
even  admitting  this  to  be  proved,  the  problem  is  not  altogether  solved, 
and  there  is  so  much  misconception  regarding  variation,  and  the  actual 
process  of  the  origin  of  new  species  is  so  obscure,  that  some  further 
discussion  and  elucidation  of  the  subject  are  desirable. 

In  one  of  the  preliminary  chapters  of  Mr.  Seebohm's  recent  work 
on  the  Charadriidce,  he  discusses  the  differentiation  of  species ;  and 
he  expresses  a  rather  widespread  view  among  naturalists  when, 
speaking  of  the  swamping  effects  of  intercrossing,  he  adds :  "  This  is 
unquestionably  a  very  grave  difficulty,  to  my  mind  an  absolutely  fatal 
one,  to  the  theory  of  accidental  variation."  And  in  another  passage 
he  says :  "  The  simultaneous  appearance,  and  its  repetition  in  suc- 
cessive generations,  of  a  beneficial  variation,  in  a  large  number  of 
individuals  in  the  same  locality,  can  not  possibly  be  ascribed  to 
chance."  These  remarks  appear  to  me  to  exhibit  an  entire  miscon- 
ception of  the  facts  of  variation  as  they  actually  occur,  and  as  they 
have  been  utilized  by  natural  selection  in  the  modification  of  species. 
I  have  already  shown  that  every  part  of  the  organism,  in  common 
species,  does  vary  to  a  very  considerable  amount,  in  a  large  number 
of  individuals,  and  in  the  same  locality ;  the  only  point  that  remains 
to  be  discussed  is,  whether  any  or  most  of  these  variations  are  "  bene- 
ficial." But  every  one  of  these  variations  consists  either  in  increase 
or  diminution  of  size  or  power  of  the  organ  or  faculty  that  varies ; 
they  can  all  be  divided  into  a  more  effective  and  a  less  effective 
group, — that  is,  into  one  that  is  more  beneficial  or  less  beneficial.  If 
less  size  of  body  would  be  beneficial,  then,  as  half  the  variations  in 
size  are  above  and  half  below  the  mean  or  existing  standard  of  the 
species,  there  would  be  ample  beneficial  variations  ;  if  a  darker  color 
or  a  longer  beak  or  wing  were  required,  there  are  always  a  con- 
siderable number  of  individuals  darker  and  lighter  in  color  than  the 
average,  with  longer  or  with  shorter  beaks  and  wings,  and  thus  the 
beneficial  variation  must  always  be  present.  And  so  with  every 
other  part,  organ,  function,  or  habit ;  because,  as  variation,  so  far  as 
we  know,  is  and  always  must  be  in  the  two  directions  of  excess  and 
defect  in  relation  to  the  mean  amount,  whichever  kind  of  variation  is 
wanted  is  always  present  in  some  degree,  and  thus  the  difficulty  as  to 
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"  beneficial "  variations  occurring,  as  if  they  were  a  special  and  rare 
class,  falls  to  the  ground.  No  doubt  some  organs  may  vary  in  three 
or  perhaps  more  directions,  as  in  the  length,  breadth,  thickness,  or 
curvature  of  the  bill.  But  these  may  be  taken  as  separate  variations, 
each  of  which  again  occurs  as  "more  "  or  "less";  and  thus  the  "right" 
or  "  beneficial "  or  "  useful "  variation  must  always  be  present  so  long 
as  any  variation  at  all  occurs ;  and  it  has  not  yet  been  proved  that  in 
any  large  or  dominant  species,  or  in  any  part,  organ,  or  faculty  of  such 
species,  there  is  no  variation.  And  even  were  such  a  case  found  it 
would  prove  nothing,  so  long  as  in  numerous  other  species  variation 
was  shown  to  exist ;  because  we  know  that  great  numbers  of  species 
and  groups  throughout  all  geological  time  have  died  out,  leaving  no 
descendants ;  and  the  obvious  and  sufficient  explanation  of  this  fact 
is,  that  they  did  not  vary  enough  at  the  time  when  variation  was 
required  to  bring  them  into  harmony  with  changed  conditions.  The 
objection  as  to  the  "  right "  or  "  beneficial "  variation  occurring  when 
required,  seems  therefore  to  have  no  weight  in  view  of  the  actual  facts 
of  variation. 

Isolation  to  prevent  Intercrossing. 

Most  writers  on  the  subject  consider  the  isolation  of  a  portion  of 
a  species  a  very  important  factor  in  the  formation  of  new  species, 
while  others  maintain  it  to  be  absolutely  essential.  This  latter  view 
has  arisen  from  an  exaggerated  opinion  as  to  the  power  of  inter- 
crossing to  keep  down  any  variety  or  incipient  species,  and  merge  it 
in  the  parent-stock.  But  it  is  evident  that  this  can  only  occur  with 
varieties  which  are  not  useful,  or  which,  if  useful,  occur  in  very  small 
numbers ;  and  from  this  kind  of  variations  it  is  clear  that  new 
species  do  not  arise.  Complete  isolation,  as  in  an  oceanic  island,  will 
no  doubt  enable  natural  selection  to  act  more  rapidly,  for  several 
reasons.  In  the  first  place,  the  absence  of  competition  will  for  some 
time  allow  the  new  immigrants  to  increase  rapidly  till  they  reach  the 
limits  of  subsistence.  They  will  then  struggle  among  themselves, 
and  by  survival  of  the  fittest  will  quickly  become  adapted  to  the  new 
conditions  of  their  environment.  Organs  which  they  formerly  needed, 
to  defend  themselves  against  or  to  escape  from  enemies,  being  no 
longer  required,  would  be  encumbrances  to  be  got  rid  of,  while  the 
power  of  appropriating  and  digesting  new  and  varied  food  would  rise 
in  importance.  Thus  we  may  explain  the  origin  of  so  many  flightless 
and  rather  bulky  birds  in  oceanic  islands,  as  the  dodo,  the  cassowary, 
and  the  extinct  moas.  Again,  while  this  process  was  going  on,  the 
complete  isolation  would  prevent  its  being  checked  by  the  immigration 
of  new  competitors  or  enemies,  which  would  be  very  likely  to  occur  in 
a  continuous  area ;  while,  of  course,  any  intercrossing  with  the  original 
unmodified  stock  would  be  absolutely  prevented.  If,  now,  before  this 
change  has  gone  very  far,  the  variety  spreads  into  adjacent  but  rather 
distant  islands,  the  somewhat  different  conditions  in  each  may  lead 
to  the  development  of  distinct  forms  constituting  what  are  termed 
representative  species ;  and  these  we  find  in  the  separate  islands  of 
the  Galapagos,  the  West  Indies,  and  other  ancient  groups  of  islands. 

But  such  cases  as  these  will  only  lead  to  the  production  of  a  few 
peculiar  species,  descended  from  the  original  settlers  which  happened 
to  reach  the  islands ;  whereas,  in  wide  areas,  and  in  continents,  we 
have  variation  and  adaptation  on  a  much  larger  scale ;  and,  whenever 
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important  physical  changes  demand  them,  with  even  greater  rapidity. 
The  far  greater  complexity  of  the  environment,  together  with  the 
occurrence  of  variations  in  constitutions  and  habits,  will  often  allow 
of  effective  isolation,  even  here,  producing  all  the  results  of  actual 
physical  isolation.  As  we  have  already  explained,  one  of  the  most 
frequent  modes  in  which  natural  selection  acts  is  by  adapting  some 
individuals  of  a  species  to  a  somewhat  different  mode  of  life,  whereby 
they  are  able  to  seize  upon  unappropriated  places  in  Nature,  and  in 
so  doing  they  become  practically  isolated  from  their  parent-form. 
Let  us  suppose,  for  example,  that  one  portion  of  a  species  usually 
living  in  forests  ranges  into  the  open  plains,  and  finding  abundance 
of  food  remains  there  permanently.  So  long  as  the  struggle  for 
existence  is  not  exceptionally  severe,  these  two  portions  of  the  species 
may  remain  almost  unchanged  ;  but  suppose  some  fresh  enemies  are 
attracted  to  the  plains  by  the  presence  of  these  new  immigrants,  then 
variation  and  natural  selection  would  lead  to  the  preservation  of  those 
individuals  best  able  to  cope  with  the  difficulty,  and  thus  the  open 
country  form  would  become  modified  into  a  marked  variety  or  into  a 
distinct  species;  and  there  would  evidently  be  little  chance  of  this 
modification  being  checked  by  intercrossing  with  the  parent-form 
which  remained  in  the  forest. 

Another  mode  of  isolation  is  brought  about  by  the  variety — either 
owing  to  habits,  climate,  or  constitutional  change  —  breeding  at  a 
slightly  different  time  from  the  parent-species.  This  is  known  to  pro- 
duce complete  isolation  in  the  case  of  many  varieties  of  plants.  Yet 
another  mode  of  isolation  is  brought  about  by  changes  of  color,  and 
by  the  fact  that  in  a  wild  state  animals  of  similar  colors  prefer  to  keep 
together  and  refuse  to  pair  with  individuals  of  another  color.  The 
probable  reason  and  utility  of  this  habit  will  be  explained  in  another 
chapter,  but  the  fact  is  well  illustrated  by  the  cattle  which  have  run 
wild  in  the  Falkland  Islands.  These  are  of  several  different  colors, 
but  each  color  keeps  in  a  separate  herd,  often  restricted  to  one  part 
of  the  island;  and  one  of  these  varieties — the  mouse-colored  —  is 
said  to  breed  a  month  earlier  than  the  others ;  so  that  if  this  variety 
inhabited  a  larger  area  it  might  very  soon  be  established  as  a  distinct 
race  or  species.*  Of  course  where  the  change  of  habits  or  of  station 
is  still  greater,  as  when  a  terrestrial  animal  becomes  sub-aquatic,  or 
when  aquatic  animals  come  to  live  in  tree-tops,  as  with  the  frogs  and 
Crustacea  described  at  page  82,  the  danger  of  intercrossing  is  reduced 
to  a  minimum. 

Several  writers,  however,  not  content  with  the  indirect  effects  of 
isolation  here  indicated,  maintain  that  it  is  in  itself  a  cause  of  modifica- 
tion, and  ultimately  of  the  origination  of  new  species.  This  was  the  key- 
note of  Mr.  Vernon  Wollaston's  essay  on  "Variation  of  Species,"  pub- 
lished in  1856,  and  it  is  adopted  by  Bev.  J.  G.  Gulick  in  his  paper  on 
"Diversity  of  Evolution  under  one  Set  of  External  Conditions  "  (Journ. 
Linn.  Soc.  Zool.,  vol.  xi.  p.  496).  The  idea  seems  to  be  that  there  is 
an  inherent  tendency  to  variation  in  certain  divergent  lines,  and  that 
when  one  portion  of  a  species  is  isolated,  even  though  under  identical 
conditions,  that  tendency  sets  up  a  divergence  which  carries  that  por- 
tion farther  and  farther  away  from  the  original  species.  This  view  is 
held  to  be  supported  by  the  case  of  the  land-shells  of  the  Sandwich 

*  See  Variation  of  Animal*  and  Plants,  voL  i.  p.  86. 
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Islands,  which  certainly  present  some  very  remarkable  phenomena. 
In  this  comparatively  small  area  there  are  about  300  species  of  land- 
shells,  almost  all  of  which  belong  to  one  family  (or  6ub-l';imily),  the 
AchatinellidoB,  found  nowhere  else  in  the  world.  The  interesting  point 
is  the  extreme  restriction  of  the  species  and  varieties.  The  average 
range  of  each  species  is  only  five  or  six  miles,  while  some  are  restricted 
to  but  one  or  two  square  miles,  and  only  a  very  few  range  over  a  whole 
island.  The  forest  region  that  extends  over  one  of  the  mountain- 
ranges  of  the  island  of  Oahu,  is  about  forty  miles  in  length  and  five  or 
six  miles  in  breadth;  and  this  small  territory  furnishes  about  175 
species,  represented  by  700  or  800  varieties.  Mr.  Gulick  states  that 
the  vegetation  of  the  different  valleys  on  the  same  side  of  this  range 
is  much  the  same,  yet  each  has  a  molluscan  fauna  differing  in  some 
degree  from  that  of  any  other.  "  We  frequently  find  a  genus  repre- 
sented in  several  successive  valleys  by  allied  species,  sonletimeb  feeding 
on  the  same,  sometimes  on  different  plants.  In  every  such  case  the 
valleys  that  are  nearest  to  each  other  furnish  the  most  nearly  allied 
forms ;  and  a  full  set  of  the  varieties  of  each  species  presents  a  minute 
gradation  of  forms  between  the  more  divergent  types  found  in  the 
more  widely  separated  localities."  He  urges  that  these  constant  dif- 
ferences can  not  be  attributed  to  natural  selection,  because  they  occur 
in  different  valleys  on  the  same  side  of  the  mountain,  where  food,  cli- 
mate, and  enemies  are  the  same ;  and  also,  because  there  is  no  greater 
difference  in  passing  from  the  rainy  to  the  dry  side  of  the  mountains 
than  in  passing  from  one  valley  to  another  on  the  same  side  an  equal 
distance  apart.  In  a  very  lengthy  paper,  presented  to  the  Linnean 
Society  last  year,  on  "  Divergent  Evolution  through  Cumulative  Segre- 
gation," Mr.  Gulick  endeavors  to  work  out  his  views  into  a  complete 
theory,  the  main  point  of  which  may  perhaps  be  indicated  by  the  fol- 
lowing passage:  "No  two  portions  of  a  species  possess  exactly  the  same 
average  character,  and  the  initial  differences  are  forever  reacting  on 
the  environment  and  on  each  other  in  such  a  way  as  to  insure  increasing 
divergence  in  each  successive  generation  as  long  as  the  individuals  of 
the  two  groups  are  kept  from  intercrossing."  * 

It  need  hardly  be  said  that  the  views  of  Mr.  Darwin  and  myself  are 
inconsistent  with  the  notion  that,  if  the  environment  were  absolutely 
similar  for  the  two  isolated  portions  of  the  species,  any  such  necessary 
and  constant  divergence  would  take  place.  It  is  an  error  to  assume 
that  what  seem  to  us  identical  conditions  are  really  identical  to  such 
small  and  delicate  organisms  as  these  land-mollusks,  of  whose  needs 
and  difficulties  at  each  successive  stage  of  their  existence,  from  the 
freshly-laid  egg  up  to  the  adult  animal,  we  are  so  profoundly  ignorant. 
The  exact  proportions  of  the  various  species  of  plants,  the  numbers  of 
each  kind  of  insect  or  of  bird,  the  peculiarities  of  more  or  less  exposure 
to  sunshine  or  to  wind  at  certain  critical  epochs,  and  other  slight  dif- 
ferences which  to  us  are  absolutely  immaterial  and  unrecognizable, 
may  be  of  the  highest  significance  to  these  humble  creatures,  and  be 
quite  sufficient  to  require  some  slight  adjustments  of  size,  form,  or  color, 
which  natural  selection  will  bring  about.  All  we  know  of  the  facts  of 
variation  leads  us  to  believe  that,  without  this  action  of  natural  selec- 
tion, there  would  be  produced  over  the  whole  area  a  series  of  incon- 
stant varieties  mingled  together,  not  a  distinct  segregation  of  forms 
each  confined  to  its  own  limited  area. 

*  Journal  of  the  Linnean  Society,  Zoology,  vol.  xx.  p.  215. 
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Mr.  Darwin  has  shown  that,  in  the  distribution  and  modification  ol 
species,  the  biological  is  of  more  importance  than  the  physical  environ- 
ment, the  struggle  with  other  organisms  being  often  more  severe  than 
that  with  the  forces  of  Nature.  This  is  particularly  evident  in  the  case 
of  plants,  many  of  which,  when  protected  from  competition,  thrive  in  a 
soil,  climate,  and  atmosphere  widely  different  from  those  of  their 
native  habitat.  Thus,  many  alpine  plants  only  found  near  perpetual 
snow  thrive  well  in  our  gardens  at  the  level  of  the  sea ;  as  do  the  tri- 
toinas  from  the  sultry  plains  of  South  Africa,  the  yuccas  from  the  arid 
hills  of  Texas  and  Mexico,  and  the  fuchsias  from  the  damp  and  dreary 
shores  of  the  Straits  of  Magellan.  It  has  been  well  said  that  plants 
do  nut  live  where  they  like,  but  where  they  can ;  and  the  same  remark 
will  apply  to  the  animal  world.  Horses  and  cattle  run  wild  and  thrive 
both  in  North  and  South  America  ;  rabbits,  once  confined  to  the  south 
of  Europe,  have  established  themselves  in  our  own  country  and  in 
Australia;  while  the  domestic  fowl,  a  native  of  tropical  India,  thrives 
well  in  every  part  of  the  temperate  zone. 

If,  then,  we  admit  that  when  one  portion  of  a  species  is  separated 
from  the  rest,  there  will  necessarily  be  a  slight  difference  in  the  average 
characters  of  the  two  portions,  it  does  not  follow  that  this  difference 
has  much  if  any  effect  upon  the  characteristics  that  are  developed  by 
a  long  period  of  isolation.  In  the  first  place,  the  difference  itself  will 
necessarily  be  very  slight  unless  tiiere  is  an  exceptional  amount  of 
variability  in  the  species;  and  in  the  next  place,  if  the  average  char- 
acters of  the  species  are  the  expression  of  its  exact  adaptation  to  its 
whole  environment,  then,  given  a  precisely  similar  environment,  and 
the  isolated  portion  will  inevitably  be  brought  back  to  the  same  aver- 
age of  characters.  But,  as  a  matter  of  fact,  it  is  impossible  that  the 
environment  of  the  isolated  portion  can  be  exactly  like  that  of  the  bulk 
of  the  species.  It  can  not  be  so  physically,  since  no  two  separated 
areas  can  be  absolutely  alike  in  climate  and  soil ;  and  even  if  these  are 
the  same,  the  geographical  features,  size,  contour,  and  relation  to  winds, 
seas,  and  rivers,  would  certainly  differ.  Biologically,  the  differences 
are  sure  to  be  considerable.  The  isolated  portion  of  a  species  will 
almost  always  be  in  a  much  smaller  area  than  that  occupied  by  the 
species  as  a  whole,  hence  it  is  at  once  in  a  different  position  as  regards 
its  own  kind.  The  proportions  of  all  the  other  species  of  animals  and 
plants  are  also  sure  to  differ  in  the  areas,  and  some  species  will  almost 
always  be  absent  in  the  smaller  which  are  present  in  the  larger  country. 
These  differences  will  act  and  react  on  the  isolated  portion  of  the 
species.  The  struggle  for  existence  will  differ  in  its  severity  and  in 
its  incidence  from  that  which  affects  the  bulk  of  the  species.  The  ab- 
sence of  some  one  insect  or  other  creature  inimical  to  the  young  ani- 
mal or  plant  may  cause  a  vast  difference  in  its  conditions  of  existence, 
and  may  necessitate  a  modification  of  its  external  or  internal  characters 
in  quite  a  different  direction  from  that  which  happened  to  be  present 
in  the  average  of  the  individuals  which  were  first  isolated. 

On  the  whole,  then,  we  conclude  that,  while  isolation  is  an  important 
factor  in  effecting  some  modification  of  species,  it  is  so,  not  on  account 
of  any  effect  produced,  or  influence  exerted  by  isolation  per  se,  but 
because  it  is  always  and  necessarily  accompanied  by  a  change  of 
environment,  both  physical  and  biological.  Natural  selection  will  then 
begin  to  act  in  adapting  the  isolated  portion  to  its  new  conditions,  and 
will  do  this  the  more  quickly  and  the  more  effectually  because  of  the 
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isolation.  We  have,  however,  seen  reason  to  believe  that  geographical 
or  local  isolation  is  by  no  meaus  essential  to  the  differentiation  of 
species,  because  the  same  result  is  brought  about  by  the  incipient 
species  acquiring  different  habits  or  frequenting  a  different  station; 
and  also  by  the  fact  that  different  varieties  of  the  same  species  are 
known  to  prefer  to  pair  with  their  like,  and  thus  to  bring  about  a 
physiological  isolation  of  the  most  effective  kind.  This  part  of  the  sub- 
ject will  be  again  referred  to  when  the  very  difficult  problems  presented 
by  hybridity  are  discussed.* 

Cases  in  which  isolation  is  Ineffective. 

One  objection  to  the  views  of  those  who,  like  Mr.  Gulick,  believe  isola- 
tion itself  to  be  a  cause  of  modification  of  species  deserves  attention, 
namely,  the  entire  absence  of  change  where,  if  this  were  a  vera  causa, 
we  should  expect  to  find  it.  In  Ireland  we  have  an  excellent  test-case, 
for  we  know  that  it  has  been  separated  from  Britain  since  the  end  of 
the  glacial  epoch,  certainly  many  thousand  years.  Yet  hardly  one  of 
its  mammals,  reptiles,  or  land-mollusks  has  undergone  the  slightest 
change,  even  although  there  is  certainly  a  distinct  difference  in  the 
environment,  both  inorganic  and  organic.  That  changes  have  not 
occurred  through  natural  selection  is  perhaps  due  to  the  less  severe 
struggle  for  existence,  owing  to  the  smaller  number  of  competing 
species ;  but,  if  isolation  itself  were  an  efficient  cause,  acting  continu- 
ously and  cumulatively,  it  is  incredible  that  a  decided  change  should 
not  have  been  produced  in  thousands  of  years.  That  no  such  change 
has  occurred  in  this,  and  many  other  cases  of  isolation,  seems  to  prove 
that  it  is  not  in  itself  a  cause  of  modification. 

There  yet  remains  a  number  of  difficulties  and  objections  relating 
to  the  question  of  hybridity,  which  are  so  important  as  to  require  a 
separate  chapter  for  their  adequate  discussion. 

*  In  Mr.  Gulick's  last  paper  (Journal  of  Linn.  Soc.,  Zool.,  vol.  xx.  pp.  189-274) 
he  discusses  the  various  forms  of  isolation  above  referred  to  under  no  less  than 
thirty-eight  different  divisions  and  subdivisions,  with  an  elaborate  terminology, 
and  he  argues  that  these  will  frequently  bring  about  divergent  evolution  with- 
out any  change  in  the  environment  or  any  action  of  natural  selection.  The 
discussion  of  the  problem  here  given  will,  I  believe,  sufficiently  expose  the 
fallacy  of  his  contention ;  but  his  illustration  of  the  varied  and  often  recondite 
modes  by  which  practical  isolation  may  be  brought  about  may  help  to  remove 
one  of  the  popular  difficulties  in  the  way  of  the  action  of  natural  selection  in 
the  origination  of  species. 
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CHAPTER  VH 

ON  THE  INFERTILITY  OF  CROSSES  BETWEEN  DISTINCT  SPECIES 
AND  THE  USUAL.  STERILITY  OF  THEIR  HYBRID  OFFSPRING. 

Statement  of  the  problem. — Extreme  susceptibility  of  the  reproductive  func- 
tions.—  Reciprocal  crosses. —  Individual  differences  in  respect  to  cross- 
fertilization. —  Dimorphism  and  trimorphism  among  plants. —  Cases  of  the 
fertility  of  hybrids  and  of  the  infertility  of  mongrels. —  The  effects  of  close 
interbreeding. —  Mr.  Huth's  objections. —  Fertile  hybrids  among  animals. — 
Fertility  of  hybrids  among  plants. — Cases  of  sterility  of  mongrels. —  Parallel- 
ism between  crossing  and  change  of  conditions. —  Remarks  on  the  facts  of 
hybridity. —  Sterility  due  to  changed  conditions,  and  usually  correlated  with 
other  characters. —  Correlation  of  color  with  constitutional  peculiarities. — 
The  isolation  of  varieties  by  selective  association. —  The  influence  of  natural 
selection  upon  sterility  and  fertility. —  Physiological  selection. —  Summary 
and  concluding  remarks. 

One  of  the  greatest,  or  perhaps  we  may  say  the  greatest,  of  all  the 
difficulties  in  the  way  of  accepting  the  theory  of  natural  selection  as  a 
complete  explanation  of  the  origin  of  species,  has  been  the  remark- 
able difference  between  varieties  and  species  in  respect  of  fertility 
when  crossed.  Generally  speaking,  it  may  be  said  that  the  varieties 
of  any  one  species,  however  different  they  may  be  in  external  appear- 
ance, are  perfecely  fertile  when  crossed,  and  their  mongrel  offspring 
are  equally  fertile  when  bred  among  themselves ;  white  distinct 
species,  on  the  other  hand,  however  closely  they  may  resemble  each 
other  externally,  are  usually  infertile  when  crossed,  and  their  hybrid 
offspring  absolutely  sterile.  This  used  to  be  considered  a  fixed  law 
of  Nature,  constituting  the  absolute  test  and  criterion  of  a  species  as 
distinct  from  a  variety;  and  so  long  as  it  was  believed  that  species 
were  separate  creations,  or  at  all  events  had  an  origin  quite  distinct 
from  that  of  varieties,  this  law  could  have  no  exceptions,  because,  if 
any  two  species  had  been  found  to  be  fertile  when  crossed  and  their 
hybrid  offspring  to  be  also  fertile,  this  fact  would  have  been  held  to 
prove  them  to  be  not  species  but  varieties.  On  the  other  hand,  if  two 
varieties  had  been  found  to  be  infertile,  or  their  mongrel  offspring  to 
be  sterile,  then  it  would  have  been  said :  These  are  not  varieties,  but 
true  species.  Thus  the  old  theory  led  to  inevitable  reasoning  in  a 
circle  ;  and  what  might  be  only  a  rather  common  fact  was  elevated  into 
a  law  which  had  no  exceptions. 

The  elaborate  and  careful  examination  of  the  whole  subject  by 
Mr.  Darwin,  who  has  brought  together  a  vast  mass  of  evidence  from 
the  experience  of  agriculturists  and  horticulturists,  as  well  as  from 
scientific  experimenters,  has  demonstrated  that  there  is  no  such  fixed 
law  in  Nature  as  was  formerly  supposed.  He  shows  us  that  crosses 
between  some  varieties  are  infertile  or  even  sterile,  while  crosses 
between  some  species  are  quite  fertile ;  and  that  there  are  besides  a 
number  of  curious  phenomena  connected  with  the  subject  which 
render  it  impossible  to  believe  that  sterility  is  anything  more  than  an 
incidental  property  of  species,  due  to  the  extreme  delicacy  and  sus- 
ceptibility of  the  reproductive  powers,  and  dependent  on  physiological 
causes  we  have  not  yet  been  able  to  trace.  Nevertheless,  the  fact 
remains  that  most  species  which  have  hitherto  been  crossed  product 
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sterile  hybrids,  as  is  the  well-known  case  of  the  mule :  while  almost 
all  domestic  varieties,  when  crossed,  produce  offspring  which  are  per- 
fectly fertile  among  themselves.  I  will  now  endeavor  to  give  such  a 
sketch  of  the  subject  as  may  enable  the  reader  to  see  something  of  the 
complexity  of  the  problem,  referring  him  to  Mr.  Darwin's  works  for 
fuller  details. 

Extreme  Susceptibility  of  the  Reproductive  functions. 

One  of  the  most  interesting  facts,  as  showing  how  susceptible  to 
changed  conditions  or  to  slight  constitutional  changes  are  the  repro- 
ductive powers  of  animals,  is  the  very  general  difficulty  of  getting 
those  which  are  kept  in  confinement  to  breed ;  and  this  is  frequently 
the  only  bar  to  domesticating  wild  species.  Thus,  elephants,  bears, 
foxes,  and  numbers  of  species  of  rodents,  very  rarely  breed  in  confine- 
ment ;  while  other  species  do  so  more  or  less  freely.  Hawks,  vultures, 
and  owls  hardly  ever  breed  in  confinement ;  neither  did  the  falcons 
kept  for  hawking  ever  breed.  Of  the  numerous  small  seed-eating  birds 
kept  in  aviaries  hardly  any  breed,  neither  do  parrots.  Gallinaceous 
birds  usually  breed  freely  in  confinement,  but  some  do  not ;  and  even 
the  guans  and  curassows,  kept  tame  by  the  South  American  Indians, 
never  breed.  This  shows  that  change  of  climate  has  nothing  to  do 
with  the  phenomenon ;  and,  in  fact,  the  same  species  that  refuse  to 
breed  in  Europe  do  so,  in  almost  every  case,  when  tamed  or  confined 
in  their  native  countries.  This  inability  to  reproduce  is  not  due  to 
ill-health,  since  many  of  these  creatures  are  perfectly  vigorous  and 
live  very  long. 

"With  our  true  domestic  animals,  on  the  other  hand,  fertility  is 
perfect,  and  is  very  little  affected  by  changed  conditions.  Thus,  we 
see  the  common  fowl,  a  native  of  tropical  India,  living  and  multiplying 
in  almost  every  part  of  the  world ;  and  the  same  is  the  case  with  our 
cattle,  sheep,  and  goats,  our  dogs  and  horses,  and  especially  with 
domestic  pigeons.  It  therefore  seems  probable  that  this  facility  for 
breeding  under  changed  conditions  was  an  original  property  of  the 
species  which  man  has  domesticated, — a  property  which,  more  than 
any  other,  enabled  him  to  domesticate  them.  Yet.  even  with  these, 
there  is  evidence  that  great  changes  of  conditions  affect  the  fertility. 
In  the  hot  valleys  of  the  Andes  sheep  are  less  fertile  ;  while  geese 
taken  to  the  high  plateau  of  Bogota  were  at  first  almost  sterile,  but 
after  some  generations  recovered  their  fertility.  These  and  many 
other  facts  seem  to  show  that,  with  the  majority  of  animals,  even  a 
slight  change  of  conditions  may  produce  infertility  or  sterility ;  and 
also  that  after  a  time,  when  the  animal  has  become  thoroughly 
acclimatized,  as  it  were,  to  the  new  conditions,  the  infertility  ip  in 
some  cases  diminished  or  altogether  ceases.  It  is  stated  by  Bechstein 
that  the  canary  was  long  infertile,  and  it  is  only  of  late  years  that 
good  breeding-birds  have  become  common  ;  but  in  this  case  no  doubt 
selection  has  aided  the  change. 

As  showing  that  these  phenomena  depend  upon  deep-seated  causes 
and  are  of  a  very  general  nature,  it  is  interesting  to  note  that  they 
occur  also  in  the  vegetable  kingdom.  Allowing  for  all  the  circum- 
stances which  are  known  to  prevent  the  production  of  seed,  such  as 
too  great  luxuriance  of  foliage,  too  little  or  too  much  heat,  or  the 
absence  of  insects  to  cross-fertilize  the  flowers,  Mr.  Darwin  shows 
that  many  species  which  grow  and  flower  with  us,  apparently  in  per- 
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feet  health,  yet  never  produce  seed.  Other  plants  are  affected  by 
very  slight  changes  of  conditions,  producing  seed  freely  in  one  soil 
and  not  in  another,  though  apparently  growing  equally  well  in  both ; 
while,  in  some  oases,  a  difference  of  position  even  in  the  same  garden 
produces  a  similar  result.* 

Reciprocal  Crosses. 

Another  indication  of  the  extreme  delicacy  of  the  adjustment  between 
the  sexes  which  is  necessary  to  produce  fertility  is  afforded  by  the 
behavior  of  many  species  and  varieties  when  reciprocally  crossed. 
This  will  be  best  illustrated  by  a  few  of  the  examples  furnished  us  by 
Mr.  Darwin.  The  two  distinct  species  of  plants,  Mir ab  His  jalapa  and 
M.  longijtora,  can  be  easily  crossed,  and  will  produce  healthy  and  fer- 
tile hybrids  when  the  pollen  of  the  latter  is  applied  to  the  stigma  of 
the  former  plant.  But  the  same  experimenter,  Kolreuter,  tried  in  vain, 
more  than  two  hundred  times  during  eight  years,to  cross  them  by  apply- 
ing the  pollen  of  M.  jalapa  to  the  stigma  of  M.  longiflora.  In  other 
cases  two  plants  are  so  closely  allied  that  some  botanists  class  them 
as  varieties  (as  with  Matthiola  annua  and  M.  glabra),  and  yet  there 
is  the  same  great  difference  in  the  result  when  they  are  reciprocally 
crossed. 

Individual  Difference  in  respect   to  Cross -Fertilization. 

A  still  more  remarkable  illustration  of  the  delicate  balance  of 
organization  needful  for  reproduction  is  afforded  by  the  individual 
differences  of  animals  and  plants,  as  regards  both  their  power  of  inter- 
crossing with  other  individuals  or  other  species  and  the  fertility  of  the 
offspring  thus  produced.  Among  domestic  animals.  Darwin  states 
that  it  is  by  no  means  rare  to  find  certain  males  and  females  which  will 
not  breed  together,  though  both  are  known  to  be  perfectly  fertile  with 
other  males  and  females.  Cases  of  this  kind  have  occurred  among 
horses,  cattle,  pigs,  dogs,  and  pigeons ;  and  the  experiment  has  been 
tried  so  frequently  that  there  can  be  no  doubt  of  the  fact.  Professor 
G.  J.  Romanes  states  that  he  has  a  number  of  additional  cases  of  this 
individual  incompatibility,  or  of  absolute  sterility,  between  two  individ- 
uals, each  of  which  is  perfectly  fertile  with  other  individuals. 

During  the  numerous  experiments  that  have  been  made  on  the 
hybridization  of  plants  similar  peculiarities  have  been  noticed,  some 
individuals  being  capable,  others  incapable,  of  being  crossed  with  a  dis- 
tinct species.  The  same  individual  peculiarities  are  found  in  varieties, 
species,  and  genera.  Kolreuter  crossed  five  varieties  of  the  common 
tobacco  (Nicotiana  tabacurri)  with  a  distinct  species,  Nicotiana  glu- 
tinosa,  and  they  all  yielded  very  sterile  hybrids ;  but  those  raised  from 
one  variety  were  less  sterile,  in  all  the  experiments,  than  the  hybrids 
from  the  four  other  varieties.  Again,  most  of  the  species  of  the  genus 
Nicotiana  have  been  crossed,  and  freely  produce  hybrids ;  but  one 
species,  N.  aciiminata,  not  particularly  distinct  from  the  others,  could 
neither  fertilize  nor  be  fertilized  by  any  of  the  eight  other  species  ex- 
perimented on.  Among  genera  we  find  some  —  such  as  Ilippeastru'm, 
Crinum,  Calceolaria,  Dianthus, —  almost  all  the  species  of  which  will 
fertilize  other  species  and  produce  hybrid  offspring;  while  other 
allied  genera,  as  Zephyranthes  and  Silene,  notwithstanding  the  most 
persevering  efforts,  have  not  produced  a  single  hybrid  even  between 
the  most  closely  allied  species. 

*  Darwin's  Animals  and  Plants  under  Domestication,  vol.  ii.  pp.  163-170. 
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Dimorphism  and  Trimorphism. 

Peculiarities  in  the  reproductive  system  affecting  individuals  of  the 
game  species  reach  their  maximum  in  what  are  called  heterostyled,  or 
dimorphic  and  trimorphic  flowers,  the  phenomena  presented  by  which 
form  one  of  the  most  remarkable  of  Mr.  Darwin's  many  discoveries. 
Our  common  cowslip  and  primrose,as  well  as  many  other  species  of  the 
genus  Primula,  have  two  kinds  of  flowers  in  about  equal  proportions. 
In  one  kind  the  stamens  are  short,  being  situated  about  the  middle  of 
the  tube  of  the  corolla,  while  the  style  is  long,  the  globular  stigma 
appearing  just  in  the  center  of  the  open  flower.  In  the  other  kind  the 
stamens  are  long,  appearing  in  the  center  or  throat  of  the  flower,  while 
the  style  is  short,  the  stigma  being  situated  halfway  down  the  tube 
at  the  same  level  as  the  stamens  in  the  other  form.  These  two  forms 
have  long  been  known  to  florists  as  the  "  pin-eyed  "  and  the  "  thrum- 
eyed,"  but  they  are  called  by  Darwin  the  long-styled  and  short-styled 
forms  (see  illustration). 


Long-styled  form.        Short-styled  form. 
FlO.  17.— Primula  veris   (Cowslip). 

The  meaning  and  use  of  these  different  forms  was  quite  unknown 
till  Darwin  discovered,  first,  that  cowslips  and  primroses  are  abso- 
lutely barren  if  insects  are  prevented  from  visiting  them ;  aud  then, 
what  is  still  more  extraordinary,  that  each  form  is  almost  sterile  when 
fertilized  by  its  own  pollen,  and  comparatively  infertile  when  crossed 
with  any  other  plant  of  its  own  form,  but  is  perfectly  fertile  when  the 
pollen  of  a  long-styled  is  carried  to  the  stigma  of  a  short-styled  plant, 
or  vice  versd.  It  will  be  seen,  by  the  figures,  that  the  arrangement  is 
such  that  a  bee  visiting  the  flowers  will  carry  the  pollen  from  the 
long  anthers  of  the  short-styled  form  to  the  stigma  of  the  long-styled 
form,  while  it  would  never  reach  the  stigma  of  another  plant  of  the 
short-styled  form.  But  an  insect  visiting,  first,  a  long-styled  plant, 
would  deposit  the  pollen  on  the  stigma  of  another  plant  of  the  same 
kind  if  it  were  next  visited ;  and  this  is  probably  the  reason  why  the 
wild  short-styled  plants  were  found  to  be  almost  always  most  pro- 
ductive of  seed,  since  they  must  be  all  fertilized  by  the  other  form, 
whereas  the  long-styled  plants  might  often  be  fertilized  by  their  own 
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form.  The  whole  arrangement,  however,  insures  cross-fertilization  -, 
aud  this,  as  Mr.  Darwin  has  shown  by  copious  experiments,  adds  both 
to  the  vigor  and  fertility  of  almost  all  plants  as  well  as  animals. 

Besides  the  primrose  family,  many  other  plants  of  several  distinct 
natural  orders  present  similar  phenomena,  one  or  two  of  the  most 
curious  of  which  must  be  referred  to.  The  beautiful  crimson  flax 
(Linum  grandiflorum)  has  also  two  forms,  the  styles  only  differing  in 
length ;  and  in  this  case  Mr.  Darwin  found  by  numerous  experiments, 
which  have  since  been  repeated  and  confirmed  by  other  observers, 
that  each  form  is  absolutely  sterile  with  pollen  from  another  plant  of 
its  own  form,  but  abundantly  fertile  when  crossed  with  any  plant  of 
the  other  form.  In  this  case  the  pollen  of  the  two  forms  can  not  be 
distinguished  under  the  microscope  (whereas  that  of  the  two  forms  of 
Primula  differs  in  size  and  shape),  yet  it  has  the  remarkable  property 
of  being  absolutely  powerless  on  the  stigmas  of  half  the  plants  of  its 
own  species.  The  crosses  between  the  opposite  forms,  which  are 
fertile,  are  termed  by  Mr.  Darwin  "legitimate,"  and  those  between 
similar  forms,  which  are  sterile,  "  illegitimate";  and  he  remarks  that 
we  have  here,  within  the  limits  of  the  same  species,  a  degree  of 
sterility  which  rarely  occurs  except  between  plants  or  animals  not 
only  of  different  species  but  of  different  genera. 

But  there  is  another  set  of  plants,  the  trimorphic,  in  which  the 
styles  and  stamens  have  each  three  forms — long,  medium,  and  short, 
and  in  these  it  is  possible  to  have  eighteen  different  crosses.  By  an 
elaborate  series  of  experiments  it  was  shown  that  the  six  legitimate 
unions — that  is,  when  a  plant  was  fertilized  by  pollen  from  stamens 
of  length  corresponding  to  that  of  its  style  in  the  two  other  forms — 
were  all  abundantly  fertile;  while  the  twelve  illegitimate  unions,  when 
a  plant  was  fertilized  by  pollen  from  stamens  of  a  different  length 
from  its  own  style,  in  any  of  the  three  forms,  were  either  comparatively 
or  wholly  sterile.* 

We  have  here  a  wonderful  amount  of  constitutional  difference  of  the 
reproductive  organs  within  a  single  species,  greater  than  usually  occurs 
within  the  numerous  distinct  species  of  a  genus  or  group  of  genera; 
and  all  this  diversity  appears  to  have  arisen  for  a  purpose  which  has 
been  obtained  by  many  other,  and  apparently  simpler,  changes  of 
structure  or  of  function,  in  other  plants.  This  seems  to  show  us,  in 
the  first  place,  that  variations  in  the  mutual  relations  of  the  repro- 
ductive organs  of  different  individuals  must  be  as  frequent  as  struct- 
ural variations  have  been  shown  to  be ;  and,  also,  that  sterility  in  itself 
can  be  no  test  of  specific  distinctness.  But  this  point  will  be  better 
considered  when  we  have  further  illustrated  and  discussed  the  complex 
phenomena  of  hybridity. 

Cases  of  the  Fertility  of  Hybrids,  and  of  the  Infertility  of  Mongrels. 

I  now  propose  to  adduce  a  few  cases  in  which  it  has  been  proved, 
by  experiment,  that  hybrids  between  two  distinct  species  are  fertile 
inter  se;  and  then  to  consider  why  it  is  that  such  cases  are  so  few  in 
number. 

The  common  domestic  goose  (A  nser  ferus)  and  the  Chinese  goose 
(A.  cygnoides)  are  very  distinct  species, —  so  distinct  that  some 

*  For  a  full  account  of  these  interesting  facts  and  of  the  various  problems  to 
which  they  give  rise,  the  reader  must  consult  Darwin's  volume  on  The  Different 
Forms  of  Flowers  in  Plants  of  the  same  Species,  chaps,  i.-iv. 
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naturalists  have  placed  them  in  different  genera ;  yet  they  have  bred 
together,  and  Mr.  Eyton  raised  from  a  pair  of  these  hybrids  a  brood 
of  eight.  This  fact  was  confirmed  by  Mr.  Darwin  himself,  who  raised 
several  fine  birds  from  a  pair  of  hybrids  which  were  sent  him.  *  In 
India,  according  to  Mr.  Blyth  and  Captain  Hutton,  whole  flocks  of 
these  hybrid  geese  are  kept  in  various  parts  of  the  country  where 
neither  of  the  pure  parent-species  exists,  and  as  they  are  kept  for  profit 
they  must  certainly  be  fully  fertile. 

Another  equally  striking  case  is  that  of  the  Indian  humped  and  the 
common  cattle,  species  which  differ  osteologieally,  and  also  in  habits, 
form,  voice,  and  constitution,  so  that  they  are  by  no  means  closely 
allied ;  yet  Mr.  Darwin  assures  us  that  he  has  received  decisive  evi- 
dence that  the  hybrids  between  these  are  perfectly  fertile  inter  se. 

Dogs  have  been  frequently  crossed  with  wolves  and  with  jackals, 
and  their  hybrid  offspring  have  been  found  to  be  fertile  inter  se  to  the 
third  or  fourth  generation,  and  then  usually  to  show  some  signs  of 
sterility  or  of  deterioration.  The  wolf  and  dog  may  be  originally  the 
same  species,  but  the  jackal  is  certainly  distinct;  and  the  appearance 
of  infertility  or  of  weakness  is  probably  due  to  the  fact  that,  in  almost 
all  these  experiments,  the  offspring  of  a  single  pair — themselves 
usually  from  the  same  litter — were  bred  in-and-in,  and  this  alone  some- 
times produces  the  most  deleterious  effects.  Thus  Mr.  Low  in  his 
great  work  on  The  Domesticated  Animals  of  Great  Britain,  says:  "If 
we  shall  breed  a  pair  of  dogs  from  the  same  litter,  and  unite  again  the 
offspring  of  this  pair, we  shall  produce  at  once  a  feeble  race  of  creatures ; 
.and  the  process  being  repeated  for  one  or  two  generations  more,  the 
family  will  die  out,  or  be  incapable  of  propagating  their  race.  A 
gentleman  of  Scotland  made  the  experiment  on  a  large  scale  with  cer- 
tain foxhounds,  and  he  found  that  the  race  actually  became  monstrous, 
and  perished  utterly."  The  same  writer  tells  us  that  hogs  have  been 
nu»de  the  subject  of  similar  experiments:  "After  a  few  generations  the 
victims  manifest  the  change  induced  in  the  system.  They  become  of 
diminished  size ;  the  bristles  are  changed  into  hairs  ;  the  limbs  become 
feeble  and  short ;  the  litters  diminish  in  frequency,  and  in  the  number 
of  the  young  produced  ;  the  mother  becomes  unable  to  nourish  them, 
and,  if  the  experiment  be  carried  as  far  as  the  case  will  allow,  the 
feeble  and  frequently  monstrous  offspring  will  be  incapable  of  being 
reared  up,  and  the  miserable  race  will  utterly  perish."  f 

These  precise  statements,  by  one  of  the  greatest  authorities  on  our 
domesticated  animals,  are  sufficient  to  show  that  the  fact  of  infertility 
or  degeneracy  appearing  in  the  offspring  of  hybrids  after  a  few  genera- 
tions need  not  be  imputed  to  the  fact  of  the  first  parents  being  distinct 
species,  since  exactly  the  same  phenomena  appear  when  individuals 
ot  che  same  species  are  bred  under  similar  adverse  conditions.  But  in 
almost  all  the  experiments  that  have  hitherto  been  made  in  crossing 
distinct  species,  no  care  has  been  taken  to  avoid  close  interbreeding 
by  securing  several  hybrids  from  quite  distinct  stocks  to  start  with, 
and  by  having  two  or  more  sets  of  experiments  carried  on  at  once,  so 
that  crosses  between  the  hybrids  produced  may  be  occasionally  made. 
Till  this  is  done  no  experiments,  such  as  those  hitherto  tried,  can  b*1 
held  to  prove  that  hybrids  are  in  all  cases  infertile  inter  se. 

It  has,  however,  been  denied  by  Mr.  A.  H.  Huth,  in  his  interesting 

*  See  Nature,  vol.  xxi.  p.  207. 

\OW'B  Domesticated  Animals  of  Great  Britain. —  Introduction,  p.  briv. 
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work  on  The -Marriage  of  Near  JTin,  that  any  amount  of  breeding 
in-and-in  is  in  itself  hurtful ;  and  he  quotes  the  evidence  of  numerous 
breeders  whose  choicest  stocks  have  always  been  so  bred,as  well  as  cases 
like  the  Porto  Santo  rabbits,  the  goats  of  Juan  Fernandez,  and  other 
cases  in  which  animals  allowed  to  run  wild  have  increased  prodigiously 
and  continued  in  perfect  health  and  vigor,  although  all  derived  from  a 
single  pair.  But  in  all  these  cases  there  has  been  rigid  selection  by 
which  the  weak  or  the  infertile  have  been  eliminated,  and  with  such 
selection  there  is  no  doubt  that  the  ill  effects  of  close  interbreeding 
can  be  prevented  for  a  long  time ;  but  this  by  no  means  proves  that 
no  ill  effects  are  produced.  Mr.  Huth  himself  quotes  M.  Allie,  M. 
Aube,  Stephens,  Giblett,  Sir  John  Sebright,  Youatt,  Druce,  Lord 
Weston.  and  other  eminent  breeders,  as  finding  from  experience  that 
close  interbreeding  does  produce  bad  effects ;  and  it  can  not  be  sup- 
posed that  there  would  be  such  a  consensus  of  opinion  on  this  point 
if  the  evil  were  altogether  imaginary.  Mr.  Huth  argues  that  the  evil 
results  which  do  occur  do  not  depend  on  the  close  interbreeding  itself, 
but  on  the  tendency  it  has  to  perpetuate  any  constitutional  weakness 
or  other  hereditary  taints ;  and  he  attempts  to  prove  this  by  the  argu- 
ment that  "if  crosses  act  by  virtue  of  being  a  cross,  ;.nd  not  by  virtue 
of  removing  an  hereditary  taint,  then  the  greater  the  difference  between 
the  two  animals  crossed  the  more  beneficial  will  that  act  be."  He  then 
shows  that  the  wider  the  difference  the  less  is  the  benefit,  and  con- 
cludes that  a  cross,  as  such,  has  no  beneficial  effect.  A  parallel  argu- 
ment would  be  that  change  of  air,  as  from  inland  to  the  seacoast,  or 
from  a  low  to  an  elevated  site,  is  not  beneficial  in  itself,  because,  if  so, 
a  change  to  the  tropics  or  to  the  polar  regions  should  be  more  bene- 
ficial. In  both  these  cases  it  may  well  be  that  no  benefit  would  accrue 
to  a  person  in  perfect  health;  but  then  there  is  no  such  thing  as  "per- 
fect health  "  in  man,  and  probably  no  such  thing  as  absolute  freedom 
from  constitutional  taint  in  animals.  The  experiments  of  Mr.  Darwin, 
showing  the  great  and  immediate  good  effects  of  a  cross  between  dis- 
tinct strains  in  plants,  can  not  be  explained  away ;  neither  can  the 
innumerable  arrangements  to  secure  cross-fertilization  by  insects,  the 
real  use  and  purport  of  which  will  be  discussed  in  our  eleventh  chap- 
ter. On  the  whole,  then,  the  evidence  at  our  command  proves  that, 
whatever  may  be  its  ultimate  cause,  close  interbreeding  does  usually 
produce  bad  results ;  and  it  is  only  by  the  most  rigid  selection, whether 
natural  or  artificial,  that  the  danger  can  be  altogether  obviated. 

Fertile  Hybrids  among  Animals. 

One  or  two  more  cases  of  fertile  hybrids  may  be  given  before  we 
pass  on  to  the  corresponding  experiments  in  plants.  Professor  Alfred 
Newton  received  from  a  friend  a  pair  of  hybrid  ducks,  bred  from  a 
common  duck  (Anas  boschas),  and  a  pintail  (Dafila  acuta).  From 
these  he  obtained  four  ducklings,  but  these  latter,  when  grown  up, 
proved  infertile,  and  did  not  breed  again.  In  this  case  we  have  the 
results  of  close  interbreeding,  with  too  great  a  difference  between  the 
original  species,  combining  to  produce  infertility,  yet  the  fact  of  a 
hybrid  from  such  a  pair  producing  healthy  offspring  is  itself  note- 
worthy. 

Still  more  extraordinary  is  the  following  statement  of  Mr.  Low : 
"  It  has  been  long  known  to  shepherds,  though  questioned  by  natural- 
ists, that  the  progeny  of  the  cross  between,  the  sheep  and  goat  is 


122  BEACON  LIGHTS  OF  SCIENCE. 

fertile.  Breeds  of  this  mixed  race  are  numerous  in  the  north  of  Europe.* 
Nothing  appears  to  be  known  of  such  hybrids  either  in  Scandinavia  or 
in  Italy;  but  Professor  Giglioli,  of  Florence,  has  kindly  given  me  some 
useful  references  to  works  in  which  they  are  described.  The  following 
extract  from  his  letter  is  very  interesting :  "  I  need  not  tell  you  that 
there  being  such  hybrids  is  now  generally  accepted  as  a  fact.  Buffon 
(/Supplements,  torn.  iii.  p.  7,  1756)  obtained  one  such  hybrid  in  1751 
and  eight  in  1752.  Sanson  (La  Culture,  vol.  vi.  p.  372,  1865)  men- 
tions a  case  observed  in  the  Vosges,  France.  Geoff.  St.  Hilaire  {Hist. 
Nat.  Gen.  des  reg.  org.,  vol.  iii.  p.  163)  was  the  first  to  mention,  I 
believe,  that  in  different  parts  of  South  America  the  ram  is  more 
usually  crossed  with  the  she-goat  than  the  sheep  with  the  he-goat. 
The  well-known '  pellones'  of  Chile  are  produced  by  the  second  and 
third  generation  of  such  hybrids  (Gay, '  Hist,  de  Chile,'  vol.  i.  p.  466, 
Agriculture,  1862).  Hybrids  bred  from  goat  and  sheep  are  called 
*  chabin'  in  French,  and  'cabruno'  in  Spanish.  In  Chile  such  hybrids 
are  called  'carneros  lanudos';  their  breeding  inter  se  appears  to  be  not 
always  successful,  and  often  the  original  cross  has  to  be  recommenced 
to  obtain  the  proportion  of  three  eighths  of  he-goat  and  five  eighths 
of  sheep,  or  of  three  eighths  of  ram  and  five  eighths  of  she-goat ;  such 
being  the  reputed  best  hybrids." 

With  these  numerous  facts  recorded  by  competent  observers  we 
can  hardly  doubt  that  races  of  hybrids  between  these  very  distinct 
species  have  been  produced,  and  that  such  hybrids  are  fairly  fertile 
inter  se;  and  the  analogous  facts  already  given  lead  us  to  believe  that 
whatever  amount  of  infertility  may  at  first  exist  could  be  eliminated 
by  careful  selection,  if  the  crossed  races  were  bred  in  large  numbers 
and  over  a  considerable  area  of  country.  This  case  is  especially 
valuable,  as  showing  how  careful  we  should  be  in  assuming  the 
infertility  of  hybrids  when  experiments  have  been  made  with  the 
progeny  of  a  single  pair,  and  have  been  continued  only  for  one  or  two 
generations. 

Among  insects  one  case  only  appears  to  have  been  recorded.  The 
hybrids  of  two  moths  (Bombyx  cynthia  and  B.  arrindia)  were  proved 
in  Paris,  according  to  M.  Quatrefagee,  to  be  fertile  inter  se  for  eight 
generations. 

Fertility  of  Hybrids  among  Plants. 

Among  plants  the  cases  of  fertile  hybrids  are  more  numerous, 
owing,  in  part,  to  the  large  scale  on  which  they  are  grown  by  gardeners 
and  nurserymen,  and  to  the  greater  facility  with  which  experiments 
can  be  made.  Darwin  tells  us  that  Kolreuter  found  ten  cases  in 
which  two  plants  considered  by  botanists  to  be  distinct  species  were 
quite  fertile  together,  and  he  therefore  ranked  them  all  as  varieties  of 
each  other.  In  some  cases  these  were  grown  for  six  to  ten  successive 
generations,  but  after  a  time  the  fertility  decreased,  as  we  saw  to  be 
the  case  in  animals,  and  presumably  from  the  same  cause — too  close 
interbreeding. 

Dean  Herbert,  who  carried  on  experiments  with  great  care  and 
skill  for  many  years,  found  numerous  cases  of  hybrids  which  were 
perfectly  fertile  inter  se.  Crinum  capense.  fertilized  by  three  other 
species — C.  pedunculatum,  C.  canaliculatum,  or  C.  dejixum, — all 

*  Low's  Domesticated  Animals,  p.  28. 
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very  distinct  from  it,  produced  perfectly  fertile  hybrids ;  while  other 
species  less  different  in  appearance  were  quite  sterile  with,  the  same 
C.  capense. 

All  the  species  of  the  genus  Hippeastrum  produce  hybrid  offspring 
which  are  invariably  fertile.  Lobelia  syphylitica  and  L.fulgens,  two 
very  distinct  species,  have  produced  a  hybrid  which  has  been  named 
Lobelia  speciosa,  and  which  reproduces  itself  abundantly.  Many  of 
the  beautiful  pelargoniums  of  our  greenhouses  are  hybrids,  such  as 
P.  ignescens  from  a  cross  between  P.  citrinodorum  and  P.  fulgidum, 
which  is  quite  fertile,  and  has  become  the  parent  of  innumerable 
varieties  of  beautiful  plants.  All  the  varied  species  of  Calceolaria, 
however  different  in  appearance,  intermix  with  the  greatest  readiness, 
and  the  hybrids  are  all  more  or  less  fertile.  But  the  most  remarkable 
case  is  that  of  two  species  of  Petunia,  of  which  Dean  Herbert  says : 
"  It  is  very  remarkable  that,  although  there  is  a  great  difference  in 
the  form  of  the  flower,  especially  of  the  tube,  of  P.  nyctanigencefloni 
and  P.  phcenicea  the  mules  between  them  are  not  only  fertile,  but  I 
have  found  them  seed  much  more  freely  with  me  than  either  parent. 
....  From  a  pod  of  the  above-mentioned  mule,  to  which  no  pollen 
but  its  own  had  access,  I  had  :i  large  batch  of  seedlings  in  which  there 
was  no  variability  or  difference  from  itself;  and  it  is  evident  that  the 
mule  planted  by  itself,  in  a  congenial  climate,  would  reproduce  itself 
as  a  species, —  at  least  as  much  deserving  to  be  so  considered  as  the 
various  Calceolarias  of  different  districts  of  South  America.  '* 

Darwin  was  informed  by  Mr.  C.  Noble  that  he  raises  stocks  for 
grafting  from  a  hybrid  between  Rhododendron  ponticum  and  It. 
catawbiense,  and  that  this  hybrid  seeds  as  freely  as  it  is  possible  to 
imagine.  He  adds  that  horticulturists  raise  large  beds  of  the  same 
hybrid,  and  such  alone  are  i'airly  treated ;  for,  by  insect  agency,  the 
several  individuals  are  freely  crossed  with  each  other,  and  the  injurious 
influence  of  close  interbreeding  is  thus  prevented.  Had  hybrids,  when 
fairly  treated,  always  gone  on  decreasing  in  fertility  in  each  successive 
generation,  as  Gartner  believed  to  be  the  case,  the  fact  would  have 
been  notorious  to  nurserymen.! 

Cases   of  Sterility   of  Mongrels. 

The  reverse  phenomenon  to  the  fertility  of  hybrids,  the  sterility  of 
mongrels  or  of  the  crosses  between  varieties  of  the  same  species,  is  a 
comparatively  rare  one.  yet  some  undoubted  cases  have  occurred. 
Gartner,  who  believed  in  the  absolute  distinctness  of  species  and  vari- 
eties, had  two  varieties  of  maize — one  dwarf  with  yellow  seeds,  the 
other  taller  with  red  seeds;  yet  they  never  naturally  crossed,  and,  when 
fertilized  artificially,  only  a  single  head  produced  any  seeds,  and  this 
one  only  five  grains.  Yet  these  few  seeds  were  fertile ;  so  that  in  this 
case  the  first  cross  was  almost  sterile,  though  the  hybrid  when  at 
length  produced  was  fertile.  In  like  manner,  dissimilarly  colored  vari- 
eties of  Verbascum  or  mullein  have  been  found  by  two  distinct 
observers  to  be  comparatively  infertile.  The  two  pimpernels  (Anagallis 
arvensis  and  A.  ccerulea),  classed  by  most  botanists  as  varieties  of  one 
species,  have  been  found,  after  repeated  trials,  to  be  perfectly  sterile 
when  crossed. 

*  Ainaryllidaceai,  by  the  Hon.  and  Eev.  William  Herbert,  p.  379. 
t  The  Origin  of  Species,  p.  239. 
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No  cases  of  this  kind  are  recorded  among  animals ;  but  this  is  not 
to  be  wondered  at  when  we  consider  how  very  few  experiments  have 
been  made  with  natural  varieties ;  while  there  is  good  reason  for  believ- 
ing that  domestic  varieties  are  exceptionally  fertile,  partly  because  one 
of  the  conditions  of  domestication  was  fertility  under  changed  condi- 
tions, and  also  because  long-continued  domestication  is  believed  to 
have  the  effect  of  increasing  fertility  and  eliminating  whatever  sterilit}^ 
may  exist.  This  is  shown  by  the  fact  that,  in  many  cases,  domestic 
animals  are  descended  from  two  or  more  distinct  species.  This  is 
almost  certainly  the  case  with  the  dog,  and  probably  with  the  hog,  the 
ox,  and  the  sheep ;  yet  the  various  breeds  are  now  all  perfectly  fertile, 
although  we  have  every  reason  to  suppose  that  there  would  be  some 
degree  of  infertility  if  the  several  aboriginal  species  were  crossed 
together  for  the  first  time. 

Parallelism  between   Crossing  and  Change   of  Conditions. 

In  the  whole  series  of  these  phenomena,  from  the  beneficial  effects 
of  the  crossing  of  different  stocks  and  the  evil  effects  of  close  inter- 
breeding, up  to  the  partial  or  complete  sterility  induced  by  crosses 
between  species  belonging  to  different  genera,  we  have,  as  Mr.  Darwin 
points  out,  a  curious  parallelism  with  the  effects  produced  by  change 
of  physical  conditions.  It  is  well  known  that  slight  changes  in  the 
conditions  of  life  are  beneficial  to  all  living  things.  Plants,  if  con- 
stantly grown  in  one  soil  and  locality  from  their  own  seeds,  are  greatly 
benefited  by  the  importation  of  seed  from  some  other  locality.  The 
same  thing  happens  with  animals ;  and  the  benefit  we  ourselves  experi- 
ence from  "change  of  air"  is  an  illustration  of  the  same  phenomenon. 
But  the  amount  of  the  change  which  is  beneficial  has  its  limits,  and 
then  a  greater  amount  is  injurious.  A  change  to  a  climate  a  few 
degrees  warmer  or  colder  may  be  good,  while  a  change  to  the  tropics 
or  to  the  arctic  regions  might  be  injurious. 

Thus  we  see  that  both  slight  changes  of  conditions  and  a  slight 
amount  of  crossing  are  beneficial ;  while  extreme  changes  and  crosses 
between  individuals  too  far  removed  in  structure  or  constitution  are 
injurious.  And  there  is  not  only  a  parallelism  but  an  actual  connec- 
tion between  the  two  classes  of  facts ;  for,  as  we  have  already  shown, 
many  species  of  animals  and  plants  are  rendered  infertile,  or  altogether 
sterile,  by  the  change  from  their  natural  conditions  which  occurs  in 
confinement  or  in  cultivation ;  while,  on  the  other  hand,  the  increased 
vigor  or  fertility  which  is  invariably  produced  by  a  judicious  cross  may 
be  also  effected  by  a  judicious  change  of  climate  and  surroundings. 
We  shall  see  in  a  subsequent  chapter  that  this  interchangeability  of  the 
beneficial  effects  of  crossing  and  of  new  conditions  serves  to  explain 
some  very  puzzling  phenomena  in  the  forms  and  economy  of  flowers. 

Remarks  on   the  Facts  of  Hybridity. 

The  facts  that  have  now  been  adduced,  though  not  very  numerous, 
are  sufficiently  conclusive  to  prove  that  the  old  belief  of  the  universal 
sterility  of  hybrids  and  fertility  of  mongrels  is  incorrect.  The  doctrine 
that  such  a  universal  law  existed  was  never  more  than  a  plausible 
generalization,  founded  on  a  few  inconclusive  facts  derived  from 
domesticated  animals  and  cultivated  plants.  The  facts  were,  and  still 
are,  inconclusive  for  several  reasons.  They  are  founded,  primarily,  on 
what  occurs  among  animals  in  domestication ;  and  it  has  been  shown 
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that  domestication  both  tends  to  increase  fertility,  and  was  itself  ren- 
dered possible  by  the  fertility  of  those  particular  species  being  little 
affected  by  changed  conditions.  The  exceptional  fertility  of  all  the 
varieties  of  domesticated  animals  does  not  prove  that  a  similar  fertility 
exists  among  natural  varieties.  In  the  next  place,  the  generalization 
is  founded  on  too  remote  crosses,  as  in  the  case  of  the  horse  and  the 
ass,  the  two  most  distinct  and  widely  separated  species  of  the  genus 
Equus,  so  distinct  indeed  that  they  have  been  held  by  some  naturalists 
to  form  distinct  genera.  Crosses  between  the  two  species  of  zebra,  or 
even  between  the  zebra  and  the  quagga,  or  the  quagga  and  the  ass, 
might  have  led  to  a  very  different  result.  Again,  in  pre-Darwinian 
times  it  was  so  universally  the  practice  to  argue  in  a  circle,  and  declare 
that  the  fertility  of  the  offspring  of  a  cross  proved  the  identity  of  spe- 
cies of  the  parents,  that  experiments  in  hybridity  were  usually  made 
between  very  remote  species  and  even  between  species  of  different 
genera,  to  avoid  the  possibility  of  reply :  "  They  are  both  really  the 
same  species";  and  the  sterility  of  the  hybrid  offspring  of  such  remote 
crosses  of  course  served  to  strengthen  the  popular  belief. 

Now  that  we  have  arrived  at  a  different  standpoint,  and  look  upon 
a  species  not  as  a  distinct  entity  due  to  special  creation  but  as  an 
assemblage  of  individuals  which  have  become  somewhat  modified  in 
structure,  form,  and  constitution,  so  as  to  adapt  them  to  slightly  dif- 
ferent conditions  of  life, — which  can  be  differentiated  from  other 
allied  assemblages, —  which  reproduce  their  like,  and  which  usually 
breed  together, —  we  require  a  fresh  set  of  experiments  calculated  to 
determine  the  matter  of  fact  whether  such  species  crossed  with  their 
near  allies  do  always  produce  offspring  which  are  more  or  less  sterile 
inter  se.  Ample  materials  for  stich  experiments  exist  in  the  numerous 
"representative  species"  inhabiting  distinct  areas  on  a  continent  or 
different  islands  of  a  group ;  or  even  in  those  found  in  the  same  area 
but  frequenting  somewhat  different  stations. 

To  carry  out  these  experiments  with  any  satisfactory  result,  it  will 
be  necessary  to  avoid  the  evil  effects  of  confinement  and  of  too  close 
interbreeding.  If  birds  are  experimented  with,  they  should  be  allowed 
as  much  liberty  as  possible,  a  plot  of  ground  with  trees  and  bushes 
being  inclosed  with  wire-netting  overhead  so  as  to  form  a  large  open 
aviary.  The  species  experimented  with  should  be  obtained  in  con- 
siderable numbers,  and  by  two  separate  persons,  each  making  the 
opposite  reciprocal  cross,  as  explained  at  page  107.  In  the  second 
generation  these  two  stocks  might  be  themselves  crossed  to  prevent 
the  evil  effects  of  too  close  interbreeding.  By  such  experiments, 
carefully  carried  out  with  different  groups  of  animals  and  plants,  we 
should  obtain  a  body  of  facts  of  a  character  now  sadly  wanting,  and 
without  which  it  is  hopeless  to  expect  to  arrive  at  a  complete  solution 
of  this  difficult  problem.  There  are,  however,  some  other  aspects  of 
the  question  that  need  to  be  considered,  and  some  theoretical  views 
which  require  to  be  carefully  examined,  having  done  which  we  shall 
be  in  a  condition  to  state  the  general  conclusions  to  which  the  facts 
and  reasonings  at  our  command  seem  to  point. 
Sterility  due  to  changed  Conditions  and  usually  correlated  with 
other  Characters,  especially  with  Color. 

The  evidence  already  adduced  as  to  the  extreme  susceptibility  of 
the  reproductive  system,  and  the  curious  irregularity  with  which 
infertility  or  sterility  appears  in  the  crosses  between  some  varieties 
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or  species  while  quite  absent  in  those  between  others,  seem  to  indicate 
that  sterility  is  a  characteristic  which  has  a  constant  tendency  to 
appear,  either  by  itself  or  in  correlation  with  other  characters.  It  is 
known  to  be  especially  liable  to  occur  under  changed  conditions  of 
life ;  and,  as  such  change  is  usually  the  starting-point  and  cause  of 
the  development  of  new  species,  we  have  already  found  a  reason  why 
it  should  so  often  appear  when  species  become  fully  differentiated. 

In  almost  all  the  cases  of  infertility  or  sterility  between  varieties 
or  species,  we  have  some  external  differences  with  which  it  is  corre- 
lated; and  though  these  differences  are  sometimes  slight,  and  the 
amount  of  the  infertility  is  not  always,  or  even  usually,  proportionate 
to  the  external  differences  between  the  two  forms  crossed,  we  must 
believe  that  there  is  some  connection  between  the  two  classes  of  facts. 
This  is  especially  the  case  as  regards  color ;  and  Mr.  Darwin  has  col- 
lected a  body  of  facts  which  go  far  to  prove  that  color,  instead  of 
being  an  altogether  trifling  and  unimportant  character,  as  was  sup- 
posed by  the  older  naturalists,  is  really  one  of  great  significance, 
since  it  is  undoubtedly  often  correlated  with  important  constitutional 
differences.  Now  color  is  one  of  the  characters  that  most  usually 
distinguishes  closely  allied  species ;  and  when  we  hear  that  the  most 
closely  allied  species  of  plants  are  infertile  together,  while  those  more 
remote  are  fertile,  the  meaning  usually  is  that  the  former  differ  chiefly 
in  the  color  of  their  flowers,  while  the  latter  differ  in  the  form  of  the 
flowers  or  foliage,  in  habit,  or  in  other  structural  characters. 

It  is  therefore  a  most  curious  and  suggestive  fact  that  in  all  the 
recorded  cases  in  which  a  decided  infertility  occurs  between  varieties 
of  the  same  species  those  varieties  are  distinguished  by  a  difference  of 
color.  The  infertile  varieties  of  Verbascum  were  white  and  yellow 
flowered  respectively;  the  infertile  varieties  of  maize  were  red  and 
yellow  seeded ;  while  the  infertile  pimpernels  were  the  red  and  the 
blue  flowered  varieties.  So  the  differently  colored  varieties  of  holly- 
hocks, though  grown  close  together,  each  reproduce  their  own  color 
from  seed,  showing  that  they  are  not  capable  of  freely  intercrossing. 
Yet  Mr.  Darwin  assures  us  that  the  agency  of  bees  is  necessary  to 
carry  the  pollen  from  one  plant  to  another,  because  hi  each  flower  the 
pollen  is  shed  before  the  stigma  is  ready  to  receive  it.  We  have  here, 
therefore,  either  almost  complete  sterility  between  varieties  of  different 
colors,  or  a  prepotent  effect  of  pollen  from  a  flower  of  the  same  color 
bringing  about  the  same  result. 

Similar  phenomena  have  not  been  recorded  among  animals ;  but 
this  is  not  to  be  wondered  at  when  we  consider  that  most  of  our  pure 
and  valued  domestic  breeds  are  characterized  by  definite  colors  which 
constitute  one  of  their  distinctive  marks,  and  they  are,  therefore,  sel- 
dom crossed  with  those  of  another  color ;  and  even  when  they  are  so 
crossed,  no  notice  would  be  taken  of  any  slight  diminution  of  fertility, 
since  this  is  liable  to  occur  from  many  causes.  We  have  also  reason 
to  believe  that  fertility  has  increased  by  long  domestication,  in  addi- 
tion to  the  fact  of  the  original  stocks  being  exceptionally  fertile ;  and 
no  experiments  have  been  made  on  the  differently  colored  varieties  of 
wild  animals.  There  are,  however,  a  number  of  very  curious  facts 
showing  that  color  in  animals,  as  in  plants,  is  often  correlated  with 
constitutional  differences  of  a  remarkable  kind ;  and  as  these  have  a 
close  relation  to  the  subject  we  are  discussing,  a  brief  summary  of 

them  will  be  here  given. 
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Correlation  of  Color  with  Constitutional  Peculiarities. 

The  correlation  of  a  white  color  and  blue  eyes  in  male  cats  with 
deafness,  and  of  the  tortoise-shell  marking  with  the  female  sex  of  the 
same  animal,  are  two  well-known  but  most  extraordinary  cases.  Equally 
remarkable  is  the  fact,  communicated  to  Darwin  by  Mr.  Tegetmeier, 
that  white,  yellow,  pale  blue,  or  dun  pigeons,  of  all  breeds,  have  the 
young  birds  born  naked,  while  in  all  other  colors  they  are  well  covered 
with  down.  Here  we  have  a  case  in  which  color  seems  of  more  physio- 
logical importance  than  all  the  varied  structural  differences  between 
the  varieties  and  breeds  of  pigeons.  In  Virginia  there  is  a  plant  called 
the  paint-root  (Lachnanthes  tinctoria),  which,  when  eaten  by  pigs, 
colors  their  bones  pink,  and  causes  the  hoofs  of  all  but  the  black  vari- 
eties to  drop  off;  so  that  black  pigs  only  can  be  kept  in  the  dis- 
trict.* Buckwheat  in  flower  is  also  said  to  be  injurious  to  white  pigs, 
but  not  to  black.  In  the  Tarentino,  black  sheep  are  injured  by  eating 
the  Hypericum  crispum, —  a  species  of  St.  John's-wort, —  which  kills 
white  sheep.  White  terriers  suffer  most  from  distemper;  white 
chickens  from  the  gapes.  White-haired  horses  or  cattle  are  subject  to 
cutaneous  diseases  from  which  the  dark-colored  are  free;  while  both 
in  Thuringia  and  the  West  Indies  it  has  been  noticed  that  white  or 
pale-colored  cattle  are  much  more  troubled  by  flies  than  are  those 
which  are  brown  or  black.  The  same  law  even  extends  to  insects,  for 
it  is  found  that  silkworms  which  produce  white  cocoons  resist  the  fun- 
gus disease  much  better  than  do  those  which  produce  yellow  cocoons. f 
Among  plants,  we  have  in  North  America  green  and  yellow-fruited 
plums  not  affected  by  a  disease  that  attacked  the  purple-fruited  varieties. 
Yellow-fleshed  peaches  suffer  more  from  disease  than  white-fleshed 
kinds.  In  Mauritius,  white  sugar-canes  were  attacked  by  a  disease 
from  which  the  red  canes  were  free.  White  onions  and  verbenas  are 
most  liable  to  mildew;  and  red-flowered  hyacinths  were  more  injured 
by  the  cold  during  a  severe  winter  in  Holland  than  any  other  kinds.J 

These  curious  inexplicable  correlations  of  color  with  constitutional 
peculiarities,  both  in  animals  and  plants,  render  it  probable  that  the 
correlation  of  color  with  infertility,  which  has  been  detected  in  several 
cases  in  plants,  may  also  extend  to  animals  in  a  state  of  Nature;  and 
if  so,  the  fact  is  of  the  highest  importance  as  throwing  light  on  the 

*  Origin  of  Species,  sixth  edition,  p.  9. 

t  In  the  Medico-Chirurgical  Transactions,  vol.  liii.  (1870),  Dr.  Ogle  has  adduced 
some  curious  physiological  facts  bearing  on  the  presence  or  absence  of  white 
colors  in  the  higher  animals.  He  states  that  a  dark  pigment  in  the  olfactory 
region  of  the  nostrils  is  essential  to  perfect  smell,  and  that  this  pigment  is  rarely 
deficient  except  when  the  whole  animal  is  pure  white,  and  the  creature  is  then 
almost  without  smell  or  taste.  He  observes  that  there  is  no  proof  that,  in  any 
of  the  cases  given  above,  the  black  animals  actually  eat  the  poisonous  root  or 
plant ;  and  that  the  facts  are  readily  understood  if  the  senses  of  smell  and  taste 
are  dependent  on  a  pigment  which  is  absent  in  the  white  animals,  who  therefore 
eat  what  those  gifted  with  normal  senses  avoid.  This  explanation,  however, 
hardly  seems  to  cover  the  facts.  We  can  not  suppose  that  almost  all  the  sheep 
in  the  world  (which  are  mostly  white)  are  without  smell  or  taste.  The  cutaneous 
disease  on  the  white  patches  of  hair  on  horses,  the  special  liability  of  white 
terriers  to  distemper,  of  white  chickens  to  the  gapes,  and  of  silkworms  which 
produce  yellow  silk  to  the  fungus,  are  not  explained  by  it.  The  analogous  facts 
in  plants  also  indicate  a  real  constitutional  relation  with  color,  not  an  affection 
of  the  sense  of  smell  and  taste  only. 

t  For  all  these  facts,  see  Animals  and  Plants  under  Domestication,  vol.  ii.  pp. 
IS5-338. 
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origin  of  the  infertility  of  many  allied  species.    This  mil  be  better 
understood  after  considering  the  facts  which  will  be  now  described. 

The  Isolation  of  Varieties  by  Selective  Association. 

In  the  last  chapter  I  have  shown  that  the  importance  of  geograph- 
ical isolation  for  the  formation  of  new  species  by  natural  selection  has 
been  greatly  exaggerated,  because  the  very  change  of  conditions,  which 
is  the  initial  power  in  starting  such  new  forms,  leads  also  to  a  local  or 
stational  segregation  of  the  forms  acted  upon.  But  there  is  also  a 
very  powerful  cause  of  isolation  in  the  mental  nature — the  likes  and 
dislikes — of  animals ;  and  to  this  is  probably  due  the  fact  of  the  com- 
parative rarity  of  hybrids  in  a  state  of  Nature.  The  differently  colored 
herds  of  cattle  in  the  Falkland  Islands,  each  of  which  keeps  separate, 
have  been  already  mentioned ;  and  it  may  be  added  that  the  white 
variety  seems  to  have  already  developed  a  physiological  peculiarity  in 
breeding  three  months  earlier  than  the  others.  Similar  facts  occur, 
however,  among  our  domestic  animals,  and  are  well  known  to  breeders. 
Professor  Low,  one  of  the  greatest  authorities  on  our  domestic  ani- 
mals, says :  "  The  female  of  the  dog,  when  not  under  restraint,  makes 
selection  of  her  mate,  the  mastiff  selecting  the  mastiff,  the  terrier  the 
terrier,  and  so  on."  And  again :  "  The  Merino  sheep  and  Heath  sheep 
of  Scotland,  if  two  flocks  are  mixed  together,  each  will  breed  with  its 
own  variety."  Mr.  Darwin  has  collected  many  facts  illustrating  this 
point.  One  of  the  chief  pigeon-fanciers  in  England  informed  him  that, 
if  free  to  choose,  each  breed  would  prefer  pairing  with  its  own  kind. 
Among  the  wild  horses  in  Paraguay  those  of  the  same  color  and  size 
associate  together  ;  while  in  Circassia  there  are  three  races  of  horses 
which  have  received  special  names,  and  which,  when  living  a  free  life, 
almost  always  refuse  to  mingle  and  cross,  and  will  even  attack  one 
another.  On  one  of  the  Faroe  Islands,  not  more  than  half  a  mile  in 
diameter,  the  half-wild  native  black  sheep  do  not  readily  mix  with 
imported  white  sheep.  In  the  Forest  of  Dean,  and  in  the  New  Forest, 
the  dark  and  pale  colored  herds  of  fallow  deer  have  never  been  known 
to  mingle  ;  and  even  the  curious  Ancon  sheep,  of  quite  modern  origin, 
have  been  observed  to  keep  together,  separating  themselves  from  the 
rest  of  the  flock  when  put  into  inclosures  with  other  sheep.  The  same 
rule  applies  to  birds,  for  Darwin  was  informed  by  the  Rev.  W.  D.  Fox 
that  his  flocks  of  white  and  Chinese  geese  kept  distinct.* 

This  constant  preference  of  animals  for  their  like,  even  in  the  case 
of  slightly  different  varieties  of  the  same  species,  is  evidently  a  fact  of 
great  importance  in  considering  the  origin  of  species  by  natural  selec- 
tion, since  it  shows  us  that,  so  soon  as  a  slight  differentiation  of  form 
or  color  has  been  effected,  isolation  will  at  once  arise  by  the  selective 
association  of  the  animals  themselves ;  and  thus  the  great  stumbling- 
block  of  "  the  swamping  effects  of  intercrossing,"  which  has  been  so 
prominently  brought  forward  by  many  naturalists,  will  be  completely 
obviated. 

If  now  we  combine  with  this  fact  the  correlation  of  color  with 
important  constitutional  peculiarities,  and,  in  some  cases,  with  in- 
fertility ;  and  consider,  further,  the  curious  parallelism  that  has  been 
shown  to  exist  between  the  effects  of  changed  conditions  and  the 
intercrossing  of  varieties  in  producing  either  an  increase  or  a  decrease 

*  Animals  and  Plants  under  Domestication,  vol.  ii.  pp.  102,  103. 
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of  fertility,  we  shall  have  obtained,  at  all  events,  a  starting-point  for 
the  production  of  that  infertility  which  is  so  characteristic  a  feature  of 
distinct  species  when  intercrossed.  All  we  need,  now,  is  some  means 
of  increasing  or  accumulating  this  initial  tendency;  and  to  a  discussion 
of  this  problem  we  will  therefore  address  ourselves. 

The  Influence  of  Natural  Selection  upon  Sterility  and  Fertility. 

It  will  occur  to  many  persons  that,  as  the  infertility  or  sterility  of 
incipient  species  would  be  useful  to  them  when  occupying  the  same 
or  adjacent  areas,  by  neutralizing  the  effects  of  intercrossing,  this 
infertility  might  have  been  increased  by  the  action  of  natural  selection ; 
and  this  will  be  thought  the  more  probable  if  we  admit,  as  we  have 
seen  reason  to  do,  that  variations  in  fertility  occur  perhaps  as 
frequently  as  other  variations.  Mr.  Darwin  tells  us  that,  at  one  time. 
this  appeared  to  him  probable,  but  he  found  the  problem  to  be 
one  of  extreme  complexity ;  and  he  was  also  influenced  against  the 
view  by  many  considerations  which  seemed  to  render  such  an  origin 
of  the  sterility  or  infertility  of  species  when  intercrossed  very  im- 
probable. The  fact  that  species  which  occupy  distinct  areas,  and 
which  nowhere  come  in  contact  with  each  other,  are  often  sterile  when 
crossed,  is  one  of  the  difficulties ;  but  this  may  perhaps  be  overcome 
by  the  consideration  that,  though  now  isolated,  they  may,  and  often 
must,  have  been  in  contact  at  their  origination.  More  important  is 
the  objection  that  natural  selection  could  not  possibly  have  produced 
the  difference  that  often  occurs  between  reciprocal  crosses,  one  of 
these  being  sometimes  fertile  while  the  other  is  sterile.  The  ex- 
tremely different  amounts  of  infertility  or  sterility  between  different 
species  of  the  same  genus,  the  infertility  often  bearing  no  proportion 
to  the  difference  between  the  species  crossed,  is  also  an  important 
objection.  But  none  of  these  objections  would  have  much  weight  if 
it  could  be  cleai'ly  shown  that  natural  selection  is  able  to  increase  the 
infertility  variations  of  incipient  species,  as  it  is  certainly  able  to 
increase  and  develop  all  useful  variations  of  form,  structure,  instincts, 
or  habits.  Ample  causes  of  infertility  have  been  shown  to  exist,  in 
the  nature  of  the  organism  and  the  laws  of  correlation ;  the  agency 
of  natural  selection  is  only  needed  to  accumulate  the  effects  produced 
by  these  causes,  and  to  render  their  final  results  more  uniform  and 
more  in  accordance  with  the  facts  that  exist. 

About  twenty  years  ago  I  had  much  correspondence  and  discussion 
with  Mr.  Darwin  on  this  question.  I  then  believed  that  I  was  able  to 
demonstrate  the  action  of  natural  selection  in  accumulating  infertility ; 
but  I  could  not  convince  him,  owing  to  the  extreme  complexity  of  the 
process  under  the  conditions  which  he  thought  most  probable.  I 
have  recently  returned  to  the  question ;  and,  with  the  fuller  knowledge 
of  the  facts  of  variation  we  now  possess,  I  think  it  may  be  shown  that 
natural  selection  is,  in  some  probable  cases  at  all  events,  able  to 
accumulate  variations  in  infertility  between  incipient  species. 

The  simplest  case  to  consider  will  be  that  in  which  two  forms  or 
varieties  of  a  species,  occupying  an  extensive  area,  are  in  process  of 
adaptation  to  somewhat  different  modes  of  life  within  the  same  area. 
If  these  two  forms  freely  intercross  with  each  other,  and  produce 
mongrel  offspring  which  are  quite  fertile  inter  se,  then  the  further 
differentiation  of  the  forms  into  two  distinct  species  will  be  retarded, 
pr  perhaps  entirely  prevented ;  for  the  offspring  of  the  crossed  unions 
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will  be,  perhaps,  more  vigorous  on  account  of  the  cross,  although  leg* 
perfectly  adapted  to  the  conditions  of  existence  than  either  of  the  pure 
breeds;  and  this  would  certainly  establish  a  powerful  antagonistic 
influence  to  the  further  differentiation  of  the  two  forms. 

Now,  let  us  suppose  that  a  partial  sterility  of  the  hybrids  between 
the  two  forms  arises,  in  correlation  with  the  different  modes  of  life  and 
the  slight  external  or  internal  peculiarities  that  exist  between  them, 
both  of  which  we  have  seen  to  be  real  causes  of  infertility.    The  result 
will  be  that,  even  if  the  hybrids  between  the  two  forms  are  still  freely 
produced,  these  hybrids  will  not  themselves  increase  so  rapidly  as  the 
two  pure  forms;  and  as  these  latter  are,  by  the  terms  of  the  problem, 
better  suited  to  their  conditions  of  life  than  are  the  hybrids  between 
them,  they  will  not  only  increase  more  rapidly,  but  will  also  tend  to 
supplant  the  hybrids  altogether  whenever  the  struggle  for  existence 
becomes  exceptionally  severe.     Thus,  the  more  complete  the  sterility 
of  the  hybrids  the  more  rapidly  will  they  die  out  and  leave  the  two 
parent-forms  pure.     Hence  it  wUl  follow  that,  if  there  is  greater  inf er- 
tility  between  the  two  forms  in  one  part  of  the  area  than  the  other, 
these  forms  will  be  kept  more  pure  wherever  the  greater  infertility 
prevails,  will   therefore  have  a  greater  advantage  at  each  recurring 
period  of  severe  struggle  for  existence,  and  will  thus  ultimately  sup- 
plant the  less  infertile  or  completely  fertile  forms  that  may  exist  in 
other  portions  of  the  area.    It  thus  appears  that,  in  such  a  case  as  here 
supposed,  natural  selection  would  preserve  those  portions  of  the  two 
breeds  which  were  most  infertile  with  each  other,  or  whose  hybrid  off- 
spring were  most  infertile ;  and  would,  therefore,  if  variations  in  fer- 
tility continued  to  arise,  tend  to  increase  that  infertility.     It  must 
particularly  be  noted  that  this  effect  would  result,  not  by  the  preser- 
vation of  the  infertile  variations  on  account  of  their  infertility,  but  by 
the  inferiority  of  the  hybrid  offspring,  both  as  being  fewer  in  numbers, 
less  able  to  continue  their  race,  and  less  adapted  to  the  conditions  of 
existence  than  either  of  the  pure  forms.     It  is  this  inferiority  of  the 
hybrid  offspring  that  is  the  essential  point ;  and  as  the  number  of 
these  hybrids  will  be  permanently  less  where  the  infertility  is  greatest, 
therefore  those  portions  of  the  two  forms  in  which  infertility  is  great- 
est will  have  the  advantage,  and  will  ultimately  survive  in  the  struggle 
for  existence. 

The  differentiation  of  the  two  forms  into  distinct  species,  with  the 
increase  of  infertility  between  them,  would  be  greatly  assisted  by  two 
other  important  factors  hi  the  problem.  It  has  already  been  shown 
that,  with  each  modification  of  form  and  habits,  and  especially  with 
modifications  of  color,  there  arises  a  disinclination  of  the  two  forms  to 
pair  together;  and  this  would  produce  an  amount  of  isolation  which 
would  greatly  assist  the  specialization  of  the  forms  in  adaptation  to 
their  different  conditions  of  life.  Again,  evidence  has  been  adduced 
that  change  of  conditions  or  of  mode  of  life  is  a  potent  cause  of  dis- 
turbance of  the  reproductive  system,  and,  consequently,  of  infertility. 
We  may  therefore  assume  that,  as  the  two  forms  adopted  more  and 
more  different  modes  of  life,  and  perhaps  acquired  also  decided  pecu- 
liarities of  form  and  coloration,  the  infertility  between  them  would 
increase  or  become  more  general ;  and  as  we  have  seen  that  every  such 
increase  of  infertility  would  give  that  portion  of  the  species  in  which 
it  arose  an  advantage  over  the  remaining  portions  in  which  the  two 
varieties  were  more  fertile  together,  all  this  induced  infertility  would 
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maintain  itself,  and  still  further  increase  the  general  infertility  between 
the  two  forms  of  the  species. 

It  follows,  then,  that  specialization  to  separate  conditions  of  life, 
differentiation  of  external  characters,  disinclination  to  cross-unions, 
and  the  infertility  of  the  hybrid  produce  of  these  unions,  would  all  pro- 
ceed pari  passu,  and  would  ultimately  lead  to  the  production  of  two 
distinct  forms  having  all  the  characteristics,  physiological  as  well  as 
structural,  of  true  species. 

In  the  case  now  discussed  it  has  been  supposed  that  some  amount 
of  general  infertility  might  arise  in  correlation  with  the  different  modes 
of  life  of  two  varieties  or  incipient  species.  A  considerable  body  of 
facts  already  adduced,  renders  it  probable  that  this  is  the  mode  in 
which  any  widespread  infertility  would  arise ;  and,  if  so,  it  has  been 
shown  that,  by  the  influence  of  natural  selection  and  the  known  laws 
which  affect  varieties,  the  infertility  would  be  gradually  increased.  But, 
if  we  suppose  the  infertility  to  arise  sporadically  within  the  two  forms, 
and  to  affect  only  a  small  proportion  of  the  individuals  in  any  area,  it 
will  be  difficult,  if  not  impossible,  to  show  that  such  infertility  would 
have  any  tendency  to  increase,  or  would  produce  any  but  a  prejudicial 
effect.  If,  for  example,  five  per  cent  of  each  form  thus  varied  so  as 
to  be  infertile  with  the  other  form,  the  result  would  be  hardly  per- 
ceptible, because  the  individuals  which  formed  cross-unions  and 
produced  hybrids  would  constitute  a  very  small  portion  of  the  whole 
species;  and  the  hybrid  offspring,  being  at  a  disadvantage  in  the 
struggle  for  existence  and  being  themselves  infertile,  would  soon  die 
out,  while  the  much  more  numerous  fertile  portion  of  the  two  forms 
would  increase  rapidly,  and  furnish  a  sufficient  number  of  pure-bred 
offspring  of  each  form  to  take  the  place  of  the  somewhat  inferior 
hybrids  between  them  whenever  the  struggle  for  existence  became 
severe.  We  must  suppose  that  the  normal  fertile  forms  would  trans- 
mit their  fertility  to  their  progeny,  and  the  few  infertile  forms  their 
infertility;  but  the  latter  would  necessarily  lose  half  their  proper 
increase  by  the  sterility  of  their  hybrid  offspring  whenever  they  crossed 
with  the  other  form,  and  when  they  bred  with  their  own  form  the 
tendency  to  sterility  would  die  out  except  in  the  very  minute  propor- 
tion of  the  five  per  cent  (one  twentieth)  that  chance  would  lead  to  pair 
together.  Under  these  circumstances  the  incipient  sterility  between 
the  two  forms  would  rapidly  be  eliminated,  and  could  never  rise  much 
above  the  numbers  which  were  produced  by  sporadic  variation  each 
year. 

It  was,  probably,  by  consideration  of  some  such  case  as  this  that 
Mr.  Darwin  came  to  the  conclusion  that  infertility  arising  between 
incipient  species  could  not  be  increased  by  natural  selection  ;  and  this 
is  the  more  Likely,  as  he  was  always  disposed  to  minimize  both  the 
frequency  and  the  amount  even  of  structural  variations. 

We  have  yet  to  notice  another  mode  of  action  of  natural  selection 
in  favoring  and  perpetuating  any  infertility  that  may  arise  between 
two  incipient  species.  If  several  distinct  species  are  undergoing  modi- 
fication at  the  same  time  and  in  the  same  area,  to  adapt  them  to  some 
new  conditions  that  have  arisen  there,  then  any  species  in  which  the 
structural  or  color  differences  that  have  arisen  between  it  and  its  vari- 
eties or  close  allies  were  correlated  with  infertility  of  the  crosses 
between  them,  would  have  an  advantage  over  the  corresponding  vari- 
eties of  other  species  in  which  there  was  no  such  physiological  pecu- 
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liarity.  Thus,  incipient  species  which  were  infertile  together  would 
have  an  advantage  over  other  incipient  species  which  were  fertile, 
and,  whenever  the  struggle  for  existence  became  severe,  would  prevail 
over  them  and  take  their  place.  Such  infertility,  being  correlated 
with  constitutional  or  structural  differences,  Would  probably,  as 
already  suggested,  go  on  increasing  as  these  differences  increased; 
and  thus,  by  the  time  the  new  species  became  fully  differentiated  from 
its  parent-form  (or  brother  variety)  the  infertility  might  have  become 
as  well  marked  as  we  usually  find  it  to  be  between  distinct  species. 

This  discussion  has  led  us  to  some  conclusions  of  the  greatest 
importance  as  bearing  on  the  difficult  problem  of  the  cause  of  the 
sterility  of  the  hybrids  between  distinct  species.  Accepting,  as  highly 
probable,  the  fact  of  variations  in  fertility  occurring  in  correlation  with 
variations  in  habits,  color,  or  structure,  we  see  that  so  long  as  such 
variations  occurred  only  sporadically  and  affected  but  a  small  propor- 
tion of  the  individuals  in  any  area,  the  infertility  could  not  be  increased 
by  natural  selection,  but  would  tend  to  die  out  almost  as  fast  as  it  was 
produced.  If,  however,  it  was  so  closely  correlated  with  physical 
variations  or  diverse  modes  of  life  as  to  affect,  even  in  a  small  degree, 
a  considerable  proportion  of  the  individuals  of  the  two  forms  in  def- 
inite areas,  it  would  be  preserved  by  natural  selection,  and  the  portion 
of  the  varying  species  thus  affected  would  increase  at  the  expense  of 
those  portions  which  were  more  fertile  when  crossed.  Each  further 
variation  toward  infertility  between  the  two  forms  would  be  again 
preserved,  and  thus  the  incipient  infertility  of  the  hybrid  offspring 
might  be  increased  till  it  became  so  great  as  almost  to  amount  to 
sterility.  Yet  further,  we  have  seen  that  if  several  competing  species 
in  the  same  area  were  being  simultaneously  modified,  those  between 
whose  varieties  infertility  arose  would  have  an  advantage  over  those 
whose  varieties  remained  fertile  inter  se,  and  would  ultimately  supplant 
them. 

The  preceding  argument,  it  will  be  seen,  depends  entirely  upon  the 
assumption  that  some  amount  of  infertility  characterizes  the  distinct 
varieties  which  are  in  process  of  differentiation  into  species;  and  it 
may  be  objected  that  of  such  infertility  there  is  no  proof.  This  is 
admitted ;  but  it  is  urged  that  facts  have  been  adduced  which  render 
such  infertility  probable,  at  least  in  some  cases,  and  this  is  all  that  is 
required.  It  is  by  no  means  necessary  that  all  varieties  should  exhibit 
incipient  infertility,  but  only  some  varieties ;  for  we  know  that  of  the 
innumerable  varieties  that  occur  but  few  become  developed  into  dis- 
tinct species,  and  it  may  be  that  the  absence  of  infertility,  to  obviate 
the  effects  of  intercrossing,  is  one  of  the  usual  causes  of  their  failure. 
All  I  have  attempted  to  show  is,  that  when  incipient  infertility  does 
occur  in  correlation  with  other  varietal  differences,  that  infertility 
can  be,  and  in  fact  must  be,  increased  by  natural  selection ;  and  this, 
it  appears  to  me,  is  a  decided  step  in  advance  in  the  solution  of  the 
problem.* 

*  As  this  argument  is  a  rather  difficult  one  to  follow,  while  its  theoretical 
importance  is  very  great,  I  add  here  the  following  briefer  exposition  of  it,  in  a 
series  of  propositions, —  being,  with  a  few  verbal  alterations,  a  copy  of  what  I 
wrote  on  the  subject  about  twenty  years  back.  Some  readers  may  find  this 
easier  to  follow  than  the  fuller  discussion  in  the  text: — 

Can  Sterility  of  Hybrids  have  been  produced  by  Natural  Selection  f 
1.  Let  there  be  a  species  which  has  varied  into  two  forms  each  adapted  to  cer- 
tain existing  conditions  better  than  the  parent-form,  which  they  soon  supplant. 
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Physiological  Selection. 

Another  form  of  infertility  has  been  suggested  by  Professor  G.  J. 
Romanes  as  having  aided  in  bringing  about  the  characteristic  in- 
fertility or  sterility  of  hybrids.  It  is  founded  on  the  fact,  already 
noticed,  that  certain  individuals  of  some  species  possess  what  may  be 
termed  selective  sterility, — that  is,  while  fertile  with  some  individuals 
of  the  species  they  are  sterile  with  others,  and  this  altogether  in- 
dependently of  any  differences  of  form,  color,  or  structure.  The 
phenomenon,  in  the  only  form  in  which  it  has  been  observed,  is  that 
of  "  infertility  or  absolute  sterility  between  two  individuals,  each  of 
which  is  perfectly  fertile  with  all  other  individuals";  but  Mr.  Romanes 
thinks  that  "  it  would  not  be  nearly  so  remarkable,  or  physiologically 
improbable,  that  such  incompatibility  should  run  through  a  whole 
race  or  strain."  *  Admitting  that  this  may  be  so,  though  we  have  at 

2.  If  these  two  forms,  which  are  supposed  to  coexist  in  the  same  district,  do 
not  intercross,  natural  selection  will  accumulate  all  favorable  variations  till 
they  become  well  suited  to  their  conditions  of  life,  and  form  two  slightly  differing 
species. 

3.  But  if  these  two  forms  freely  intercross  with  each  other,  and  produce 
hybrids,  which  are  also  quite  fertile  inter  se,  then  the  formation  of  the  two 
distinct  races  or  species  will  be  retarded,  or  perhaps  entirely  prevented;  for 
the  offspring  of  the  crossed  unions  will  be  more  vigorous,  owing  to  the  cross, 
although  less  adapted  to  their  conditions  of  life  than  either  of  the  pure  breeds. 

4.  Now,  let  a  partial  sterility  of  the  hybrids  of  some  considerable  proportion 
of  these  two  forms  arise ;  and,  as  this  would  probably  be  due  to  some  special 
conditions  of  life,  we  may  fairly  suppose  it  to  arise  in  some  definite  portion  of 
the  area  occupied  by  the  two  forms. 

5.  The  result  will  be  that,  in  that  area,  the  hybrids  (although  continually 
produced  by  first  crosses  almost  as  freely  as  before)  will  not  themselves  increase 
so  rapidly  as  the  two  pure  forms ;  and  as  the  two  pure  forms  are,  by  the  terms 
of  the  problem,  better  suited  to  their  several  conditions  of  life  than  the  hybrids, 
they  will  inevitably  increase  more  rapidly,  and  will  continually  tend  to  supplant 
the  hybrids  altogether  at  every  recurrent  severe  struggle  for  existence. 

6.  We  may  fairly  suppose,  also,  that  as  soon  as  any  sterility  appears  some 
disinclination  to  cross-unions  will  appear,  and  this  will  further  tend  to  the 
diminution  of  the  production  of  hybrids. 

7.  In  the  other  part  of  the  area,  however,  where  hybridism  occurs  with  per- 
fect freedom,  hybrids  of  various  degrees  may  increase  till  they  equal  or  even 
exceed  in  number  the  pure  species, —  that  is,  the  incipient  species  will  be  liable 
to  be  swamped  by  intercrossing. 

8.  The  first  result,  then,  of  a  partial  sterility  of  crosses  appearing  in  one 
part  of  the  area  occupied  by  the  two  forms  will  be  that  the  great  majority  of 
the  individuals  there  will  consist  of  the  two  pure  forms  only,  while  in  the  re- 
maining part  these  will  be  in  a  minority, — which  is  the  same  as  saying  that  the 
new  physiological  variety  of  the  two  forms  will  be  better  suited  to  the  conditions 
of  existence  than  the  remaining  portion  which  has  not  varied  physiologically. 

9.  But  when  the  struggle  for  existence  becomes  severe,  that  variety  which  is 
best  adapted  to  the  conditions  of  existence  always  supplants  that  which  is  im- 
perfectly adapted;  therefore,  by  natural  selection  the  varieties  which  are  sterile 
when  crossed  will  become  established  as  the  only  ones. 

10.  Now  let  variations  in  the  amount  of  sterility  and  in  the  disinclination  to 
crossed  unions  continue  to  occur,  also  in  certain  parts  of  the  area :  exactly  the 
same  result  must  recur,  and  the  progeny  of  this  new  physiological  variety  will 
in  time  occupy  the  whole  area. 

11.  There  is  yet  another  consideration  that  would  facilitate  the  process.    It 
seems  probable  that  the  sterility  variations  would,  to  some  extent,  concur  with, 
and  perhaps  depend  upon,  the  specific  variations;  so  that,  just  in  proportion  as 
the  two  forms  diverged  and  became  better  adapted  to  the  conditions  of  existence, 
they  would  become  more  sterile  when  intercrossed.    If  this  were  the  case,  then 
natural  selection  would  act  with  double  strength;  and  those  which  were  better 
adapted  to  survive  both  structurally  and  physiologically  would  certainly  do  so. 

*  Cases  of  this  kind  are  referred  to  at  page  107.    It  must,  however,  be  noted 
that  such  sterility  in  first  crosses  appears  to  be  equally  rare  between  different 
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present  no  evidence  whatever  in  support  of  it,  it  remains  to  be  con- 
bidered  whether  such  physiological  varieties  could  maintain  them- 
selves, or  whether,  as  in  the  cases  of  sporadic  infertility  already 
discussed,  they  would  necessarily  die  out  unless  correlated  with 
useful  characters.  Mr.  Romanes  thinks  that  they  would  persist,  and 
urges  that  "whenever  this  one  kind  of  variation  occurs  it  can  not 
escape  the  preserving  agency  of  physiological  selection.  Hence,  even 
if  it  be  granted  that  the  variation  which  affects  the  reproductive 
system  in  this  particular  way  is  a  variation  of  comparatively  rare 
occurrence,  still,  as  it  must  always  be  preserved  whenever  it  does 
occur,  its  influence  in  the  manufacture  of  specific  types  must  be 
cumulative"  The  very  positive  statements  which  I  have  italicised 
would  lead  most  readers  to  believe  that  the  alleged  fact  had  been 
demonstrated  by  a  careful  working  out  of  the  process  in  some  definite 
supposed  cases.  This,  however,  has  nowhere  been  done  in  Mr. 
Romanes's  paper ;  and  as  it  is  the  vital  theoretical  point  on  which  any 
possible  value  of  the  new  theory  rests,  and  as  it  appears  so  opposed 
to  the  self-destructive  effects  of  simple  infertility,  which  we  have 
already  demonstrated  when  it  occurs  between  the  intermingled  portion 
of  two  varieties,  it  must  be  carefully  examined.  In  doing  so,  I  will 
suppose  that  the  required  variation  is  not  of  "  rare  occurrence,"  but 
of  considerable  amount,  and  that  it  appears  afresh  each  year  to  about 
the  same  extent,  thus  giving  the  theory  every  possible  advantage. 

Let  us  then  suppose  that  a  given  species  consists  of  100,000  indi- 
viduals of  each  sex,  with  only  the  usual  amount  of  fluctuating  external 
variabiliy.  Let  a  physiological  variation  arise,  so  that  10  per  cent  of 
the  whole  number  — 10,000  individuals  of  each  sex — while  remaining 
fertile  inter  se  become  quite  sterile  with  the  remaining  90,000.  This 
peculiarity  is  not  correlated  with  any  external  differences  of  form  or 
color,  or  with  inherent  peculiarities  of  likes  or  dislikes  leading  to  any 
choice  as  to  the  pairing  of  the  two  sets  of  individuals.  We  have  now 
to  inquire,  What  would  be  the  result  ? 

Taking,  first,  the  10,000  pairs  of  the  physiological  or  abnormal 
variety,  we  find  that  each  male  of  these  might  pair  with  any  one  of 
the  whole  100,000  of  the  opposite  sex.  If,  therefore,  there  was 
nothing  to  limit  their  choice  to  particular  individuals  of  either  variety, 
the  probabilities  are  that  9,000  of  them  would  pair  with  the  opposite 
variety,  and  only  1,000  with  their  own  variety, — that  is,  that  9,000 
would  form  sterile  unions,  and  only  one  thousand  would  form  fertile 
unions. 

Taking,  next,  the  90,000  normal  individuals  of  either  sex,  we  find 
that  each  male  of  these  has  also  a  choice  of  100,000  to  pair  with.  The 
probabilities  are,  therefore,  that  nine  tenths  of  them  —  that  is,  81,000 
— would  pair  with  their  normal  fellows,  while  9,000  would  pair  with 

species  of  the  same  genus  as  between  individuals  of  the  same  species.  Mules 
and  other  hybrids  aro  freely  produced  between  very  distinct  species,  but  are 
themselves  infertile  or  quite  sterile ;  and  it  is  this  infertility  or  sterility  of  the 
hybrids  that  is  the  characteristic — and  was  once  thought  to  be  the  criterion — of 
species,  not  the  sterility  of  their  first  crosses.  Hence  we  should  not  expect  to 
find  any  constant  infertility  in  the  first  crosses  between  the  distinct  strains  or 
varieties  that  formed  the  starting-point  of  new  species,  but  only  a  slight  amount 
of  infertility  in  their  mongrel  offspring.  It  follows  that  Mr.  Komanes's  theory 
of  Physiological  Selection — which  assumes  sterility  or  infertility  between  first 
crosses  as  the  fundamental  fact  in  the  origin  of  species — does  not  accord  with 
the  general  phenomena  of  hybridism  in  Nature. 
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the  opposite  abnormal  variety  forming  the  above-mentioned  sterile 
unions. 

Now,  as  the  number  of  individuals  forming  a  species  remains  con- 
stant, generally  speaking,  from  year  to  year,  we  shall  have  next  year 
also  100,000  pairs,  of  which  the  two  physiological  varieties  will  be 
in  the  proportion  of  eighty-one  to  one,  or  98,780  pairs  of  the  normal 
variety  to  1,220  *  of  the  abnormal,  that  being  the  proportion  of  the 
fertile  unions  of  each.  In  this  year  we  shall  find,  by  the  same  rule  of 
probabilities,  that  only  15  males  of  the  abnormal  variety  will  pair  with 
'their  like  and  be  fertile,  the  remaining  1,205  forming  sterile  unions 
with  some  of  the  normal  variety.  The  following  year  the  total  100,000 
pairs  will  consist  of  99,984  of  the  normal,  and  only  16  of  the  abnormal 
variety;  and  the  probabilities,  of  course,  are,  that  the  whole  of  these 
latter  will  pair  with  some  of  the  enormous  preponderance  of  normal 
individuals,  and,  their  unions  being  sterile,  the  physiological  variety 
will  become  extinct  in  the  third  year. 

If  now  in  the  second  and  each  succeeding  year  a  similar  proportion 
as  at  first  (10  per  cent)  of  the  physiological  variety  is  produced  afresh 
from  the  ranks  of  the  normal  variety,  the  same  rate  of  diminution 
will  go  on,  and  it  will  be  found  that,  on  the  most  favorable  estimate, 
the  physiological  variety  can  never  exceed  12,000  to  the  88,000  of  the 
normal  form  of  the  species,  as  shown  by  the  following  table : — 

1st  year.    10,000  of  physiological  variety  to  90,000  of  normal  variety. 
2d      "          1,220  -f-  10,000  again  produced. 

3d      "  16  +    1,220  +  10,000  do.  =  11,236 

4th     "  0  +         16  +    1,220  +  10,000    do.  =  11,236 

5th     "  0  -f         16  +    1,220  -f  10,000  =»  11,236 

and  so  on  for  any  number  of  generations. 

In  the  preceding  discussion  we  have  given  the  theory  the  advantage 
of  the  large  proportion  of  10  per  cent  of  this  very  exceptional  variety 
arising  in  its  midst  year  by  year,  and  we  have  seen  that,  even  under 
these  favorable  conditions,  it  is  unable  to  increase  its  numbers  much 
above  its  starting-point,  and  that  it  remains  wholly  dependent  on  the 
continued  renewal  of  the  variety  for  its  existence  beyond  a  few  years. 
It  appears,  then,  that  this  form  of  inter-specific  sterility  can  not  be 
increased  by  natural  or  any  other  known  form  of  selection,  but  that  it 
contains  within  itself  its  own  principle  of  destruction.  If  it  is  proposed 
to  get  over  the  difficulty  by  postulating  a  larger  percentage  of  the 
variety  annually  arising  within  the  species,  we  shall  not  affect  the  law 
of  decrease  until  we  approach  equality  in  the  numbers  of  the  two 
varieties.  But  with  any  such  increase  of  the  physiological  variety  the 
species  itself  would  inevitably  suffer  by  the  large  proportion  of  sterile 
unions  in  its  midst,  and  would  thus  be  at  a  great  disadvantage  in 
competition  with  other  species  which  were  fertile  throughout.  Thus, 
natural  selection  will  always  tend  to  weed  out  any  species  with  too 
great  a  tendency  to  sterility  among  its  own  members,  and  will  there- 
fore prevent  such  sterility  from  becoming  the  general  characteristic 
of  varying  species,  which  this  theory  demands  should  be  the  case. 

On  the  whole,  then,  it  appears  clear  that  no  form  of  infertility  or 
sterility  between  the  individuals  of  a  species  can  be  increased  by 
natural  selection  unless  correlated  with  some  useful  variation,  while 
all  infertility  not  so  correlated  has  a  constant  tendency  to  effect  its 
own  elimination.  But  the  opposite  property — fertility — is  of  vital 

*  The  exact  number  is  1219 '51,  but  the  fractions  are  omitted  for  clearness. 
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importance  to  every  species,  and  gives  the  offspring  of  the  individual! 
which  possess  it,  in  consequence  of  their  superior  numbers,  a  greater 
chance  of  survival  in  the  battle  of  life.  It  is,  therefore,  directly  uuder 
the  control  of  natural  selection,  which  acts  both  by  the  self-preservation 
of  fertile  and  the  self-destruction  of  infertile  stocks, —  except  always 
where  correlated  as  above,  when  they  become  useful,  and  therefore 
subject  to  be  increased  by  natural  selection. 

Summary  and   Concluding  Remarks  on  Hybridity. 

The  facts  which  are  of  the  greatest  importance  to  a  comprehension 
of  this  very  difficult  subject  are  those  which  show  the  extreme  sus- 
ceptibility of  the  reproductive  system  both  in  plants  and  animals. 
We  have  seen  how  both  these  classes  of  organisms  may  be  rendered 
infertile, —  by  a  change  of  conditions  which  does  not  affect  their  general 
health,  by  captivity,  or  by  too  close  interbreeding.  .We  have  seen, 
also,  that  infertility  is  frequently  correlated  with  a  difference  of  color, 
or  with  other  characters ;  that  it  is  not  proportionate  to  divergence  of 
structure  ;  that  it  varies  in  reciprocal  crosses  between  pairs  of  the 
same  species ;  while  in  the  cases  of  dimorphic  and  trimorphic  plants 
the  different  crosses  between  the  same  pair  of  individuals  may  be 
fertile  or  sterile  at  the  same  time.  It  appears  as  if  fertility  depended 
on  such  a  delicate  adjustment  of  the  male  and  female  elements  to  each 
other,  that,  unless  constantly  kept  up  by  the  preservation  of  the  most 
fertile  individuals,  sterility  is  always  liable  to  arise.  This  preservation 
always  occurs  within  the  limits  of  each  species,  both  because  fertility 
is  of  the  highest  importance  to  the  continuance  of  the  race,  and  also 
because  sterility  (and  to  a  less  extent  infertility)  is  self-destructive  as 
well  as  injurious  to  the  species. 

So  long  therefore  as  a  species  remains  undivided,  and  in  occupation 
of  a  continuous  area,  its  fertility  is  kept  up  by  natural  selection ;  but 
the  moment  it  becomes  separated,  either  by  geographical  or  selective 
isolation,  or  by  diversity  of  station  or  of  habits,  then,  while  each 
portion  must  be  kept  fertile  inter  se,  there  is  nothing  to  prevent 
infertility  arising  between  the  two  separated  portions.  As  the  two 
portions  will  necessarily  exist  under  somewhat  different  conditions  of 
life,  and  will  usually  have  acquired  some  diversity  of  form  and  color, 
— both  which  circumstances  we  know  to  be  either  the  cause  of 
infertility  or  to  be  correlated  with  it, —  the  fact  of  some  degree  of 
infertility  usually  appearing  between  closely  allied  but  locally  or 
physiologically  segregated  species  is  exactly  what  we  should  expect. 

The  reason  why  varieties  do  not  usually  exhibit  a  similar  amount 
of  infertility  is  not  difficult  to  explain.  The  popular  conclusions  on 
this  matter  have  been  drawn  chiefly  from  what  occurs  among  domestic 
animals,  and  we  have  seen  that  the  very  first  essential  to  their  becom- 
ing domesticated  was  that  they  should  continue  fertile  under  changed 
conditions  of  life.  During  the  slow  process  of  the  formation  of  new 
varieties  by  conscious  or  unconscious  selection,  fertility  has  always  been 
an  essential  character,  and  has  thus  been  invariably  preserved  or 
increased;  while  there  is  some  evidence  to  show  that  domestication 
itself  tends  to  increase  fertility. 

Among  plants,  wild  species  and  varieties  have  been  more  frequently 
experimented  on  than  among  animals,  and  we  accordingly  find  numer- 
ous cases  in  which  distinct  species  of  plants  are  perfectly  fertile  when 
crossed,  their  hybrid  offspring  being  also  fertile  inter  se.  We  also  find 
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some  few  examples  of  the  converse  fact, —  varieties  of  the  same  species 
which  when  crossed  are  infertile  or  even  sterile. 

The  idea  that  either  infertility  or  geographical  isolation  i«  absolutely 
essential  to  the  formation  of  new  species,  in  order  to  prevent  the 
swamping  effects  of  intercrossing,  has  been  shown  to  be  unsound, 
because  the  varieties  or  incipient  species  will,  in  most  cases,  be  suffi- 
ciently isolated  by  having  adopted  different  habits  or  by  frequenting 
different  stations ;  while  selective  association,  which  is  known  to  be 
general  among  distinct  varieties  or  breeds  of  the  same  species,  will 
produce  an  effective  isolation  even  when  the  two  forms  occupy  the 
same  area. 

From  the  various  considerations  now  adverted  to,  Mr.  Darwin 
arrived  at  the  conclusion  that  the  sterility  or  infertility  of  species  with 
each  other,  whether  manifested  in  the  difficulty  of  obtaining  first 
crosses  between  them  or  in  the  sterility  of  the  hybrids  thus  obtained, 
is  not  a  constant  or  necessary  result  of  specific  difference,  but  is  inci- 
dental on  unknown  peculiarities  of  the  reproductive  system.  These 
peculiarities  constantly  tend  to  arise  under  changed  conditions  owing 
to  the  extreme  susceptibility  of  that  system,  and  they  are  usually  cor- 
related with  variations  of  form  or  of  color.  Hence,  as  fixed  differences 
of  form  and  color,  slowly  gained  by  natural  selection  in  adaptation  to 
changed  conditions,  are  what  essentially  characterize  distinct  species, 
some  amount  of  infertility  between  species  is  the  usual  result. 

Here  the  problem  was  left  by  Mr.  Darwin ;  but  we  have  shown  that 
its  solution  may  be  carried  a  step  further.  If  we  accept  the  association 
of  some  degree  of  infertility,  however  slight,  as  a  not  unfrequent 
accompaniment  of  the  external  differences  which  always  arise  in  a  state 
of  Nature  between  varieties  and  incipient  species,  it  has  been  shown  that 
natural  selection  has  power  to  increase  that  infertility  just  as  it  has 
power  to  increase  other  favorable  variations.  Such  an  increase  of  infer- 
tility will  be  beneficial,  whenever  new  species  arise  in  the  same  area 
with  the  parent-form ;  and  we  thus  see  how,  out  of  the  fluctuating  and 
very  unequal  amounts  of  infertility  correlated  with  physical  variations, 
there  may  have  arisen  that  larger  and  more  constant  amount  which 
appears  usually  to  characterize  well-marked  species. 

The  great  body  of  facts  of  which  a  condensed  account  has  been 
given  in  the  present  chapter,  although  from  an  experimental  point  of 
view  very  insufficient,  all  point  to  the  general  conclusion  we  have  now 
reached,  and  afford  us  a  not  unsatisfactory  solution  of  the  great  prob- 
lem of  hybridism  in  relation  to  the  origin  of  species  by  means  of 
natural  selection.  Further  experimental  research  is  needed  in  order  to 
complete  the  elucidation  of  the  subject;  but  until  these  additional 
facts  are  forthcoming  no  new  theory  seems  required  for  the  expla- 
nation of  the  phenomena. 
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CHAPTER  Vin. 
THE  ORIGIN  AND  USES  OP  COLOR  IN  ANIMALS. 

The  Darwinian  theory  threw  new  light  on  organic  color. —  The  problem  to  be 
solved. —  The  constancy  of  animal  color  indicates  utility. — Color  and  en- 
vironment.— Arctic  animals  white. —  Exceptions  prove  the  rule. —  Desert, 
forest,  nocturnal,  and  oceanic  animals. —  General  theories  of  animal  color. — 
Variable  protective  coloring. —  Mr.  Poulton's  experiments. —  Special  or  local 
color  adaptations. —  Imitation  of  particular  objects. —  How  they  have  been 
produced.— Special  protective  coloring  of  butterflies.— Protective  resemblance 
among  marine  animals. —  Protection  by  terrifying  enemies. — Alluring  col- 
oration.—  The  coloration  of  birds'  eggs. —  Color  as  a  means  of  recognition. — 
Summary  of  the  preceding  exposition. — Influence  of  locality  or  of  climate  on 
color. — Concluding  remarks. 

Among  the  numerous  applications  of  the  Darwinian  theory  in  the 
interpretation  of  the  complex  phenomena  presented  by  the  organic 
world,  none  have  been  more  successful,  or  are  more  interesting,  than 
those  which  deal  with  the  colors  of  animals  and  plants.  To  the  older 
school  of  naturalists  color  was  a  trivial  character,  eminently  unstable 
and  untrustworthy  in  the  determination  of  species;  and  it  appeared 
to  have,  in  most  cases,  no  use  or  meaning  to  the  objects  which  displayed 
it  The  bright  and  often  gorgeous  coloration  of  insect,  bird,  or  flower, 
was  either  looked  upon  as  having  been  created  for  the  enjoyment  of 
mankind,  or  as  due  to  unknown  and  perhaps  undiscoverable  laws  of 
Nature. 

But  the  researches  of  Mr.  Darwin  totally  changed  our  point  of  view 
in  this  matter.  He  showed,  clearly,  that  some  of  the  colors  of  animals 
are  useful,  some  hurtful,  to  them ;  and  he  believed  that  many  of  the 
most  brilliant  colors  were  developed  by  sexual  choice ;  while  his  great 
general  principle  that  all  the  fixed  characters  of  organic  beings  have 
been  developed  under  the  action  of  the  law  of  utility,  led  to  the  inev- 
itable conclusion  that  so  remarkable  and  conspicuous  a  character  as 
color,  which  so  often  constitutes  the  most  obvious  distinction  of  spe- 
cies from  species,  or  group  from  group,  must  also  have  arisen  from 
survival  of  the  fittest,  and  must,  therefore,  in  most  cases  have  some 
relation  to  the  well-being  of  its  possessors.  Continuous  observation 
and  research,  carried  on  by  multitudes  of  observers  during  the  last 
thirty  years,  have  shown  this  to  be  the  case ;  but  the  problem  is  found 
to  be  far  more  complex  than  was  at  first  supposed.  The  modes  in 
which  color  is  of  use  to  different  classes  of  organisms  is  very  varied, 
and  have  probably  not  yet  been  all  discovered ;  while  the  infinite  vari- 
ety and  marvelous  beauty  of  some  of  its  developments  are  such  as  to 
render  it  hopeless  to  arrive  at  a  complete  and  satisfactory  explanation 
of  every  individual  case.  So  much,  however,  has  been  achieved,  so  many 
curious  facts  have  been  explained,  and  so  much  light  has  been  thrown 
on  some  of  the  most  obscure  phenomena  of  Nature,  that  the  subject 
deserves  a  prominent  place  in  any  account  of  the  Darwinian  theory. 

The  Problem  to  be  /Solved. 

Before  dealing  with  the  various  modifications  of  color  in  the  animal 
world  it  is  necessary  to  say  a  few  words  on  color  in  general,  on  ita 
prevalence  in  Nature,  and  how  it  is  that  the  colors  of  animals  and 
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plants  require  any  special  explanation.  "What  we  term  color  is  a  sub- 
jective phenomenon,  due  to  the  constitution  of  our  mind  and  nervous 
system;  while,  objectively,  it  consists  of  light- vibrations  of  different 
wave-lengths  emitted  by,  or  reflected  from,  various  objects.  Every 
visible  object  must  be  colored,  because  to  be  visible  it  must  send  rays 
of  light  to  our  eye.  The  kind  of  light  it  sends  is  modified  by  the 
molecular  constitution  or  the  surface-texture  of  the  object.  Pigments 
absorb  certain  rays  and  reflect  the  remainder,  and  this  reflected  por- 
tion has  to  our  eyes  a  definite  color,  according  to  the  portion  of  the 
rays  constituting  white  light  which  are  absorbed.  Interference  colors 
are  produced  either  by  thin  films  or  by  very  fine  striae  on  the  surfaces 
of  bodies,  which  cause  rays  of  certain  wave-lengths  to  neutralize  each 
other,  leaving  the  remainder  to  produce  the  effects  of  color.  Such  are 
the  colors  of  soap-bubbles,  or  of  steel  or  glass  on  which  extremely  fine 
lines  have  been  ruled ;  and  these  colors  often  produce  the  effect  of 
metallic  luster,  and  are  the  cause  of  most  of  the  metallic  hues  of  birds 
and  insects. 

As  color  thus  depends  on  molecular  or  chemical  constitution  or  on 
minute  surface-texture  of  bodies,  and,  as  the  matter  of  which  organic 
beings  are  composed  consists  of  chemical  compounds  of  great  com- 
plexity and  extreme  instability,  and  is  also  subject  to  innumerable 
changes  during  growth  and  development,  we  might  naturally  expect 
the  phenomena  of  color  to  be  more  varied  here  than  in  less  complex 
and  more  stable  compounds.  Yet  even  in  the  inorganic  world  we 
find  abundant  and  varied  colors ;  in  the  earth  and  in  the  water;  in 
metals,  gems,  and  minerals  ;  in  the  sky  and  in  the  ocean ;  in  sunset 
clouds  and  in  the  many-tinted  rainbow.  Here  we  can  have  no  question 
of  use  to  the  colored  object,  and  almost  as  little  perhaps  in  the  vivid 
red  of  blood,  in  the  brilliant  colors  of  red  snow  and  other  lowalgse 
and  fungi,  or  even  in  the  universal  mantle  of  green  which  clothes  so 
large  a  portion  of  the  earth's  surface.  The  presence  of  some  color, 
or  even  of  many  brilliant  colors,  in  animals  and  plants  would  require 
no  other  explanation  than  does  that  of  the  sky  or  the  ocean,  of  the 
ruby  or  the  emerald, —  that  is,  it  would  require  a  purely  physical 
explanation  only.  It  is  the  wonderful  individuality  of  the  colors  of 
animals  and  plants  that  attracts  our  attention, —  the  fact  that  the 
colors  are  localized  in  definite  patterns,  sometimes  in  accordance  with 
structural  characters,  sometimes  altogether  independent  of  them, 
while  often  differing  in  the  most  striking  and  fantastic  manner  in 
allied  species.  We  are  thus  compelled  to  look  upon  color  not  merely 
as  a  physical  but  also  as  a  biological  characteristic,  which  has  been 
differentiated  and  specialized  by  natural  selection,  and  must,  therefore, 
find  its  explanation  in  the  principle  of  adaptation  or  utility. 

The  Constancy  of  Animal  Color  indicates  Utility. 

That  the  colors  and  markings  of  animals  have  been  acquired  under 
the  fundamental  law  of  utility  is  indicated  by  a  general  fact  which 
has  received  very  little  attention.  As  a  rule,  color  and  marking  are 
constant  in  each  species  of  wild  animal,  while,  in  almost  every 
domesticated  animal,  there  arises  great  variability.  We  see  this  in 
our  horses  and  cattle,  our  dogs  and  cats,  our  pigeons  and  poultry. 
Now,  the  essential  difference  between  the  conditions  of  life  of 
domesticated  and  wild  animals  is,  that  the  former  are  protected  by 
man  while  the  latter  have  to  protect  themselves.  The  extreme 
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variations  in  color  that  immediately  arise  under  domestication  indi- 
cate a  tendency  to  vary  in  this  way,  and  the  occasional  occurrence  of 
white  or  piebald  or  other  exceptionally  colored  individuals  of  many 
species  in  a  state  of  Nature  shows  that  this  tendency  exists  here  also ; 
and,  as  these  exceptionally  colored  individuals  rarely  or  never  increase, 
there  must  be  some  constant  power  at  work  to  keep  it  in  check.  This 
power  can  only  be  natural  selection  or  the  survival  of  the  fittest, 
which  again  implies  that  some  colors  are  useful,  some  injurious,  in 
each  particular  case.  With  this  principle  as  our  guide,  let  us  see 
how  far  we  can  account  both  for  the  general  and  special  colors  of  the 
animal  world. 

Color  and  Environment. 

The  fact  that  first  strikes  us  in  our  examination  of  the  colors  of 
animals  as  a  whole,  is  the  close  relation  that  exists  between  these 
colors  and  the  general  environment.  Thus,  white  prevails  among 
arctic  animals ;  yellow  or  brown  in  desert  species ;  while  green  is  only 
a  common  color  in  tropical  evergreen  forests.  If  we  consider  these 
cases  somewhat  carefully  we  shall  find  that  they  afford  us  excellent 
materials  for  forming  a  judgment  on  the  various  theories  that  have 
been  suggested  to  account  for  the  colors  of  the  animal  world. 

In  the  arctic  regions  there  are  a  number  of  animals  which  are 
wholly  white  all  the  year  round,  or  which  only  turn  white  in  winter. 
Among  the  former  are  the  polar  bear  and  the  American  polar  hare, 
the  snowy  owl  and  the  Greenland  falcon ;  among  the  latter  the  arctic 
fox,  the  arctic  hare,  the  ermine,  and  the  ptarmigan.  Those  which  are 
permanently  white  remain  among  the  snow  nearly  all  the  year  round, 
while  those  which  change  their  color  inhabit  regions  which  are  free 
from  snow  in  summer.  The  obvious  explanation  of  this  style  of 
coloration  is  that  it  is  protective,  serving  to  conceal  the  herbivorous 
species  from  their  enemies,  and  enabling  carnivorous  animals  to 
approach  their  prey  unperceived.  Two  other  explanations  have,  how- 
ever, be,en  suggested.  One  is  that  the  prevalent  white  of  the  arctic 
region*lias  a  direct  effect  in  producing  the  white  color  in  animals, 
either  by  some  photographic  or  chemical  action  on  the  skin  or  by  a 
reflex  action  through  vision.  The  other  is  that  the  white  color  is 
chiefly  beneficial  as  a  means  of  checking  radiation  and  so  preserving 
animal  heat  during  the  severity  of  an  arctic  winter.  The  first  is  part 
of  the  general  theory  that  color  is  the  effect  of  colored  light  on  the 
objects, —  a  pure  hypothesis  which  has,  I  believe,  no  facts  whatever 
to  support  it.  The  second  suggestion  is  also  an  hypothesis  merely, 
since  it  has  not  been  proved  by  experiment  that  a  white  color,  per  se, 
independently  of  the  fur  or  feathers  which  is  so  colored  has  any  effect 
whatever  in  checking  the  radiation  of  low-grade  heat  like  that  of  the 
animal  body.  But  both  alike  are  sufficiently  disproved  by  the  inter- 
esting exceptions  to  the  rule  of  white  coloration  in  the  arctic  regions, 
which  exceptions  are,  nevertheless,  quite  in  harmony  with  the  theory 
of  protection. 

Whenever  we  find  arctic  animals  which,  from  whatever  cause,  do  not 
require  protection  by  the  white  color,  then  neither  the  cold  nor  the 
snow-glare  has  any  effect  upon  their  coloration.  The  sable  retains  its 
rich  brown  fur  throughout  the  Siberian  winter ;  but  it  frequents  trees 
at  that  season,  and  not  only  feeds  partially  on  fruits  or  seeds  but  ia 
able  to  catch  birds  among  the  branches  of  the  fir-trees,  with  the  bark 
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of  which  its  color  assimilates.  Then  we  have  that  thoroughly  arctic 
animal,  the  musk-sheep,  which  is  brown  and  conspicuous ;  but  this 
animal  is  gregarious,  and  its  safety  depends  on  its  association  in  small 
herds.  It  is,  therefore,  of  more  importance  for  it  to  be  able  to  recog- 
nize its  kind  at  a  distance  than  to  be  concealed  from  its  enemies, 
against  which  it  can  well  protect  itself  so  long  as  it  keeps  together  in  a 
compact  body.  But  the  most  striking  example  is  that  of  the  common 
raven,  which  is  a  true  arctic  bird,  and  is  found  even  in  midwinter  as 
far  north  as  any  known  bird  or  mammal.  Yet  it  always  retains  its 
black  coat,  and  the  reason,  from  our  point  of  view,  is  obvious.  The 
raven  is  a  powerful  bird  and  fears  no  enemy,  while,  being  a  carrion- 
feeder,  it  has  no  need  for  concealment  in  order  to  approach  its  prey. 
The  color  of  the  raven  and  of  the  musk-sheep  are,  therefore,  both 
inconsistent  with  any  other  theory  than  that  the  white  color  of  arctic 
animals  has  been  acquired  for  concealment,  and  to  that  theory  both 
afford  a  strong  support.  Here  we  have  a  striking  example  of  the 
exception  proving  the  rule. 

In  the  desert  regions  of  the  earth  we  find  an  even  more  general 
accordance  of  color  with  surroundings.  The  lion,  the  camel,  and  all 
the  desert  antelopes,  have  more  or  less  the  color  of  the  sand  or  rock 
among  which  they  live.  The  Egyptian  cat  and  the  Pampas  cat  are 
sandy  or  earth-colored.  The  Australian  kangaroos  are  of  similar  tints, 
and  the  original  color  of  the  wild  horse  is  supposed  to  have  been  sandy 
or  clay  colored.  Birds  are  equally  well  protected  by  assimilative  hues ; 
the  larks,  quails,  goatsuckers,  and  grouse,  which  abound  in  the  North 
African  and  Asiatic  deserts,  are  all  tinted  or  mottled  so  as  closely  to 
resemble  the  average  color  of  the  soil  in  the  districts  they  inhabit. 
Canon  Tristram,  who  knows  these  regions  and  their  natural  history 
so  well,  says,  in  an  often-quoted  passage :  "  In  the  desert,  where 
neither  trees,  brushwood,  nor  even  undulations  of  the  surface  afford 
the  slightest  protection  to  its  foes,  a  modification  of  color  which  shall 
be  assimilated  to  that  of  the  surrounding  country  is  absolutely  neces- 
sary. Hence,  without  exception,  the  upper  plumage  of  every  bird, 
whether  lark,  chat,  sylvain,  or  sand-grouse,  and  also  the  fur  of  all  the 
smaller  mammals,  and  the  skin  of  all  the  snakes  and  lizards,  is  of  one 
uniform  isabelline  or  sand  color." 

Passing  on  to  the  tropical  regions,  it  is  among  their  evergreen 
forests  alone  that  we  find  whole  groups  of  birds  whose  ground-color 
is  green.  Parrots  are  very  generally  green,  and  in  the  East  we  have 
an  extensive  group  of  green  fruit-eating  pigeons  ;  while  the  barbets, 
bee-eaters,  turacos,  leaf-thrushes  (Phyllornis\  white-eyes  (Zosterops), 
and  many  other  groups,  have  so  much  green  in  their  plumage  as  to 
tend  greatly  to  their  concealment  among  the  dense  foliage.  There 
can  be  no  doubt  that  these  colors  have  been  acquired  as  a  protection, 
when  we  see  that  in  all  the  temperate  regions,  where  the  leaves  are 
deciduous,  the  ground-color  of  the  great  majority  of  birds,  especially 
on  the  upper  surface,  is  a  rusty  brown  of  various  shades,  well  cor- 
responding with  the  bark,  withered  leaves,  ferns,  and  bare  thickets 
among  which  they  live  in  autumn  and  winter,  and  especially  in  early 
«pring  when  so  many  of  them  build  then:  nests. 

Nocturnal  animals  supply  another  illustration  of  the  same  rule,  in  the 
dusky  colors  of  mice,  rats,  bats,  and  moles,  and  in  the  soft  mottled  plu- 
mage of  owls  and  goatsuckers,  which,  while  almost  equally  inconspicuous 
in  the  twilight,  are  such  as  to  favor  their  concealment  in  the  daytime. 
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An  additional  illustration  of  general  assimilation  of  color  to  the  sur- 
roundings of  animals  is  furnished  by  the  inhabitants  of  the  deep 
oceans.  Professor  Moseley  of  the  Challenger  Expedition,  in  his  British 
Association  lecture  on  this  subject,  says:  "Most  characteristic  of 
pelagic  animals  is  the  almost  crystalline  transparency  of  their  bodies. 
So  perfect  is  this  transparency  that  very  many  of  them  are  rendered 
almost  entirely  invisible  when  floating  in  the  water,  while  some,  even 
when  caught  and  held  up  in  a  glass  globe,  are  hardly  to  be  seen.  The 
skin,  nerves,  muscles,  and  other  organs  are  absolutely  hyaline  and  trans- 
parent, but  the  liver  and  digestive  tract  often  remain  opaque  and  of  a 
yellow  or  brown  color,  and  exactly  resemble  when  seen  in  the  water 
small  pieces  of  floating  seaweed."  Such  marine  organisms,  however, 
as  are  of  larger  size,  and  either  occasionally  or  habitually  float  on  the 
surface,  are  beautifully  tinged  with  blue  above,  thus  harmonizing  with 
the  color  of  the  sea  as  seen  by  hovering  birds ;  while  they  are  white 
below,  and  are  thus  invisible  against  the  wave-foam  and  clouds  as  seen 
by  enemies  beneath  the  surface.  Such  are  the  tints  of  the  beautiful 
nudibranchiate  mollusk  Qlaucus  atlantieus,  and  many  others. 

General  Theories  of  Animal  Color. 

We  are  now  in  a  position  to  test  the  general  theories,  or,  to  speak 
more  correctly,  the  popular  notions,  as  to  the  origin  of  animal  colora- 
tion, before  proceeding  to  apply  the  principle  of  utility  to  the  explana- 
tion of  some  among  the  many  extraordinary  manifestations  of  color  in 
the  animal  world.  The  most  generally  received  theory  undoubtedly  is 
that  brilliancy  and  variety  of  color  are  due  to  the  direct  action  of  light 
and  heat, — a  theory  no  doubt  derived  from  the  abundance  of  bright- 
colored  birds,  insects,  and  flowers,  which  are  brought  from  tropical 
regions.  There  are,  however,  two  strong  arguments  against  this  theory. 
We  have  already  seen  how  generally  bright  coloration  is  wanting  in 
desert  animals,  yet  here  heat  and  light  are  both  at  a  maximum,  and  if 
these  alone  were  the  agents  in  the  production  of  color,  desert  animals 
should  be  the  most  brilliant.  Again,  all  naturalists  who  have  lived  in 
tropical  regions  know  that  the  proportion  of  bright  or  dull  colored 
species  is  little  if  any  greater  there  than  in  the  temperate  zone,  while 
there  are  many  tropical  groups  in  which  bright  colors  are  almost  en- 
tirely unknown.  No  part  of  the  world  presents  so  many  brilliant  birds 
as  South  America,  yet  there  are  extensive  families,  containing  many 
hundreds  of  species,  which  are  as  plainly  colored  as  our  average  tem- 
perate birda  Such  are  the  families  of  the  bush-shrikes  and  ant-thrushes 
(Formicariidce),  the  tyrant-shrikes  ( Tyrannidce),  the  American  creep- 
ers (Dendrocolaptidce\  together  with  a  large  proportion  of  the  wood- 
warblers  (Mniotiltidce),  the  finches,  the  wrens,  and  some  other  groups. 
In  the  eastern  hemisphere,  also,  we  have  the  babbling-thrushes 
( TimaliidoB\  the  cuckoo-shrikes  (  Campephagidce),  the  honey-suckers 
(Meliphagidce),  and  several  other  smaller  groups  which  are  certainly 
not  colored  above  the  average  standard  of  temperate  birds. 

Again,  there  are  many  families  of  birds  which  spread  over  the 
whole  world,  temperate  and  tropical,  and  among  these  the  tropical 
species  rarely  present  any  exceptional  brilliancy  of  color.  Such  are 
the  thrushes,  goatsuckers,  hawks,  plovers,  and  ducks;  and  in  the  last- 
named  group  it  is  the  temperate  and  arctic  zones  that  afford  the  most 
brilliant  coloration. 

The  same  general  facts  are  found  to  prevail  among  insect*    11- 
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though  tropical  insects  present  some  of  the  most  gorgeous  coloration 
in  the  whole  realm  of  Nature,  yet  there  are  thousands  and  tens  of 
thousands  of  species  which  are  as  dull-colored  as  any  in  our  cloudy 
land.  The  extensive  family  of  the  carnivorous  ground-beetles  ( Gara- 
bidce)  attains  its  greatest  brilliancy  in  the  temperate  zone ;  while  by 
far  the  largest  proportion  of  the  great  families  of  the  longicorns  and 
the  weevils  are  of  obscure  colors  even  in  the  tropics.  In  butterflies, 
there  is  undoubtedly  a  larger  proportion  of  brilliant  color  in  the 
tropics ;  but  if  we  compare  families  which  are  almost  equally  developed 
over  the  globe, — as  the  Pieridce  or  whites  and  yellows,  and  the  Saty- 
ridce  or  ringlets, —  we  shall  find  no  great  disproportion  in  color 
between  those  of  temperate  and  tropical  regions. 

The  various  facts  which  have  now  briefly  been  noticed  are  sufficient 
to  indicate  that  the  light  and  heat  of  the  sun  are  not  the  direct  causes 
of  the  colors  of  animals,  although  they  may  favor  the  production  of 
color  when,  as  in  tropical  regions,  the  persistent  high  temperature 
favors  the  development  of  the  maximum  of  life.  We  will  now  con- 
sider the  next  suggestion,  that  light  reflected  from  surrounding 
colored  objects  tends  to  produce  corresponding  colors  in  the  animal 
world. 

The  theory  is  founded  on  a  number  of  very  curious  facts  which 
prove  that  such  a  change  does  sometimes  occur  and  is  directly  depend- 
ent on  the  colors  of  surrounding  objects;  but  these  facts  are  compara- 
tively rare  and  exceptional  in  their  nature,  and  the  same  theory  will 
certainly  not  apply  to  the  infinitely  varied  colors  of  the  higher  animals, 
many  of  which  are  exposed  to  a  constantly  varying  amount  of  Light 
and  color  during  their  active  existence.  A  brief  sketch  of  these  de- 
pendent changes  of  color  may,  however,  be  advantageously  given  here. 

Variable  Protective  Coloring. 

There  are  two  distinct  kinds  of  change  of  color  in  animals  due  to 
the  coloring  of  the  environment.  In  one  case  the  change  is  caused  by 
reflex  action  set  up  by  the  animal  seeing  the  color  to  be  imitated,  and 
the  change  produced  can  be  altered  or  repeated  as  the  animal  changes 
its  position.  In  the  other  case  the  change  occurs  but  once,  and  is 
probably  not  due  to  any  conscious  or  sense  action,  but  to  some  direct 
influence  on  the  surface-tissues  while  the  creature  is  undergoing  a 
moult  or  change  to  the  pupa  form. 

The  most  striking  example  of  the  first  class  is  that  of  the  chameleon, 
which  changes  to  white,  brown,  yellowish,  or  green,  according  to  the 
color  of  the  object  on  which  it  rests.  This  change  is  brought  about 
by  means  of  two  layers  of  pigment-cells,  deeply  seated  in  the  skin, 
and  of  bluish  and  yellowish  colors.  By  suitable  muscles  these  cells 
can  be  forced  upwards  so  as  to  modify  the  color  of  the  skin,  which, 
when  they  are  not  brought  into  action,  is  a  dirty  white.  These  animals 
are  excessively  sluggish  and  defenseless,  and  the  power  of  changing 
their  color  to  that  of  their  immediate  surroundings  is  no  doubt  of 
great  service  to  them.  Many  of  the  flatfish  are  also  capable  of  chang- 
ing their  color  according  to  the  color  of  the  bottom  they  rest  on  ;  and 
frogs  have  a  similar  pbwsr  to  a  limited  extent.  Some  Crustacea  also 
change  color,  and  the  power  is  much  developed  in  the  chameleon 
shrimp  (Mysis  Chamceleon)  which  is  gray  when  on  sand,  but  brown 
or  green  when  among  brown  or  green  seaweed.  It  has  been  proved 
by  experiment  that  when  this  animal  is  blinded  the  change  does  not 
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occur.  In  all  these  cases,  therefore,  we  have  some  form  of  reflex  or 
sense  action  by  which  the  change  is  produced,  probably  by  means  of 
pigment-cells  beneath  the  skin,  as  in  the  chameleon. 

The  second  class  consists  of  certain  larvae  and  pupae  which  undergo 
changes  of  color  when  exposed  to  differently  colored  surroundings. 
This  subject  has  been  carefully  investigated  by  Mr.  E.  B.  Poulton, 
who  has  communicated  the  results  of  his  experiments  to  the  Royal 
Society.*  It  had  been  noticed  that  some  species  of  larvae  which  fed 
on  several  different  plants  had  colors  more  or  less  corresponding  to 
the  particular  plant  the  individual  fed  on.  Numerous  cases  are  given 
in  Professor  Meldola's  article  on  "Variable  Protective  Coloring" 
(Proc.  Zool.  /Soc.,  1873,  p.  153),  and  while  the  general  green  coloration 
was  attributed  to  the  presence  of  chlorophyll  beneath  the  skin,  the 
particular  change  hi  correspondence  to  each  food-plant  was  attributed 
to  a  special  function  which  had  been  developed  by  natural  selection. 
Later  on,  hi  a  note  to  his  translation  of  Weissmann's  Theory  of  Descent, 
Professor  Meldola  seemed  disposed  to  think  that  the  variations  of 
color  of  some  of  the  species  might  be  phytophagic, —  that  is,  due  to 
the  direct  action  of  the  differently  colored  leaves  on  which  the  insect 
fed.  Mr.  Poulton's  experiments  have  thrown  much  light  on  this  ques- 
tion, since  he  has  conclusively  proved  that,  in  the  case  of  the  sphinx 
caterpillar  of  &m,erinthus  ocellatus,  the  change  of  color  is  not  due  to 
the  food  but  to  the  colored  light  reflected  from  the  leaves.  This  was 
shown  by  feeding  two  sets  of  larvae  on  the  same  plant  but  exposed 
to  differently  colored  surroundings,  obtained  by  sewing  the  leaves 
together,  so  that  in  one  case  only  the  dark  upper  surface,  in  the  other 
the  whitish  under  surface,  was  exposed  to  view.  The  result  in  each 
case  was  a  corresponding  change  of  color  in  the  larvae,  confirming  the 
experiments  on  different  individuals  of  the  same  batch  of  larvae  which 
had  been  supplied  with  different  food-plants  or  exposed  to  a  different 
colored  light. 

An  even  more  interesting  series  of  experiments  was  made  on  the 
colors  of  pupae,  which  in  many  cases  were  known  to  be  affected  by  the 
material  on  which  they  underwent  their  transformations.  The  late 
Mr.  T.  W.  Wood  proved,  in  1867,  that  the  pupae  of  the  common  cab- 
bage butterflies  (Pieris  brassicce  and  P.  rapce)  were  either  light,  or 
dark,  or  green,  according  to  the  colored  boxes  they  were  kept  in,  or 
the  colors  of  the  fences,  walls,  etc.,  against  which  they  were  suspended. 
Mrs.  Barber  in  South  Africa  found  that  the  pupae  of  Papilio  Nireus 
underwent  a  similar  change,  being  deep  green  when  attached  to 
orange-leaves  of  the  same  tint,  pale  yellowish-green  when  on  a  branch 
of  the  bottle-brush  tree  whose  half-dried  leaves  were  of  this  color,  and 
yellowish  when  attached  to  the  wooden  frame  of  a  box.  A  few  other 
observers  noted  similar  phenomena,  but  nothing  more  was  done  till 
Mr.  Poulton's  elaborate  series  of  experiments  with  the  larvae  of  several 
of  our  common  butterflies  were  the  means  of  clearing  up  several 
important  points.  He  showed  that  the  action  of  the  colored  light  did 
not  affect  the  pupa  itself  but  the  larva,  and  that  only  for  a  limited 
period  of  time.  After  a  caterpillar  has  done  feeding  it  wanders  about 
seeking  a  suitable  place  to  undergo  its  transformation.  When  this  is 
found  it  rests  quietly  for  a  day  or  two,  spinning  the  web  from  which 
it  is  to  suspend  itself ;  and  it  is  during  this  period  of  quiescence,  and 

*  Proceedings  of  the  Royal  Society,  No.  243,  1886 ;  Transactions  of  the  Royal 
Society,  vol.  clxxviii.  B.  pp.  311-441. 
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perhaps  also  the  first  hour  or  two  after  its  suspension,  that  the  action 
of  the  surrounding  colored  surfaces  determines,  to  a  considerable 
extent,  the  color  of  the  pupa.  By  the  application  of  various  sur- 
rounding colors  during  this  period,  Mr.  Poulton  was  able  to  modify 
the  color  of  the  pupa  of  the  common  tortoise-shell  butterfly  from 
nearly  black  to  pale,  or  to  a  brilliant  golden ;  and  that  of  Pieris  rapes 
from  dusky  through  pinkish  to  pale  green.  It  is  interesting  to  note 
that  the  colors  produced  were  in  all  cases  such  only  as  assimilated 
with  the  surroundings  usually  occupied  by  the  species,  and  also  that 
colors  which  did  not  occur  in  such  surroundings,  as  dark  red  or  blue, 
only  produced  the  same  effects  as  dusky  or  black. 

Careful  experiments  were  made  to  ascertain  whether  the  effect  was 
produced  through  the  sight  of  the  caterpillar.  The  ocelli  were  covered 
with  black  varnish,  but  neither  this  nor  cutting  off  the  spines  of  the 
tortoise-shell  larva  to  ascertain  whether  they  might  be  sense-organs 
produced  any  effect  on  the  resulting  color.  Mr.  Poulton  concludes, 
therefore,  that  the  color-action  probably  occurs  over  the  whole  surface 
of  the  body,  setting  up  physiological  processes  which  result  in  the 
corresponding  color-change  of  the  pupa.  Such  changes  are,  however, 
by  no  means  universal,  or  even  common,  in  protectively  colored  pupae, 
since  in  Papilio  machaon  and  some  others  which  have  been  experi- 
mented on,  both  in  this  country  and  abroad,  no  change  can  be  pro- 
duced on  the  pupa  by  any  amount  of  exposure  to  differently  colored 
surroundings.  It  is  a  curious  point  that,  with  the  small  tortoise-shell 
larva,  exposure  to  light  from  gilded  surfaces  produced  pupae  with  a 
brilliant  golden  luster ;  and  the  explanation  is  supposed  to  be  that 
mica  abounded  in  the  original  habitat  of  the  species,  and  that  the  pupae 
thus  obtained  protection  when  suspended  against  micaceous  rocks. 
Looking,  however,  at  the  wide  range  of  the  species  and  the  compara- 
tively limited  area  in  which  micaceous  rocks  occur,  this  seems  a  rather 
improbable  explanation,  and  the  occurrence  of  this  metallic  appearance 
is  still  a  difficulty.  It  does  not,  however,  commonly  occur  in  this 
country  in  a  natural  state. 

The  two  classes  of  variable  coloring  here  discussed  are  evidently 
exceptional,  and  can  have  little  if  any  relation  to  the  colors  of  those 
more  active  creatures  which  are  continually  changing  their  position 
with  regard  to  surrounding  objects,  and  whose  colors  and  markings 
are  nearly  constant  throughout  the  life  of  the  individual,  and  (with  the 
exception  of  sexual  differences)  in  all  the  individuals  of  the  species. 
We  will  now  briefly  pass  in  review  the  various  characteristics  and  uses 
of  the  colors  which  more  generally  prevail  in  Nature;  and  having 
already  discussed  those  protective  colors  which  serve  to  harmonize 
animals  with  their  general  environment,  we  have  to  consider  only 
those  cases  in  which  the  color  resemblance  is  more  local  or  special  in 
its  character. 

Special  or  JJocal  Color  Adaptations. 

This  form  of  color  adaptation  is  generally  manifested  by  markings 
rather  than  by  color  alone,  and  is  extremely  prevalent  both  among 
insects  and  vertebrates,  so  that  we  shall  be  able  to  notice  only  a  few 
illustrative  cases.  Among  our  native  birds  we  have  the  snipe  and 
woodcock,  whose  markings  and  tints  strikingly  accord  with  the  dead 
marsh  vegetation  among  which  they  live ;  the  ptarmigan  in  its  summer 
dress  is  mottled  and  tinted  exactly  like  the  lichens  which  cover  the 
•tones  of  the  higher  mountains ;  while  young  unfledged  plovers  are 
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•potted  so  as  exactly  to  resemble  the  beach  pebbles  among  which 

they  crouch  for  protection,  as  beautifully  exhibited  in  one  of  the 
cases  of  British  birds  in  the  Natural  History  Museum  at  South 
Kensington. 

In  m  immalia,  we  notice  the  frequency  of  rounded  spots  on  forest 
or  tree-hauuting  animals  of  large  size,  as  the  forest  deer  aiid  the  forest 
cats ;  while  those  that  frequent  reedy  or  grassy  places  are  striped 
vertically,  as  the  marsh  antelopes  and  the  tiger.  I  had  long  been  of 
opinion  that  the  brilliant  yellow  and  black  stripes  of  the  tiger  were 
adaptive,  but  have  only  recently  obtained  proof  that  it  is  so.  An 
experienced  tiger-hunter,  Major  Walford,  states  in  a  letter  that  the 
haunts  of  the  tiger  are  invariably  full  of  the  long  grass,  dry  and  pale 
yellow  for  at  least  nine  months  of  the  year,  which  covers  the  ground 
wherever  there  is  water  in  the  rainy  season,  and  he  adds :  "  I  once, 
while  following  up  a  wounded  tiger,  failed  for  at  least  a  minute  to  see 
him  under  a  tree  in  grass  at  a  distance  of  about  twenty  yards, — jungle 
open, — but  the  natives  saw  him,  and  I  eventually  made  him  out  well 
enough  to  shoot  him,  but  even  then  I  could  not  see  at  what  part  of 
him  I  was  aiming.  There  can  be  no  doubt  whatever  that  the  color 
of  both  the  tiger  and  the  panther  renders  them  almost  invisible, 
especially  in  a  strong  blaze  of  light,  when  among  grass,  and  one  does 
not  seem  to  notice  stripes  or  spots  till  they  are  dead."  It  is  the 
black  shadows  of  the  vegetation  that  assimilate  with  the  black  stripes 
of  the  tiger  ;  and,  in  like  manner,  the  spotty  shadows  of  the  leaves  in 
the  forest  so  harmonize  with  the  spots  of  ocelots,  jaguars,  tiger-cats, 
and  spotted  deer,  as  to  afford  them  a  very  perfect  concealment. 

In  some  cases  the  concealment  is  effected  by  colors  and  markings 
which  are  so  striking  and  peculiar  that  no  one  who  has  not  seen  the 
creature  in  its  native  haunts  would  imagine  them  to  be  protective. 
An  example  of  this  is  afforded  by  the  banded  fruit-pigeon  of  Timor, 
whose  pure  white  head  and  neck,  black  wings  and  back,  yellow  belly, 
and  deeply-curved  black  band  across  the  breast,  render  it  a  very 
handsome  and  conspicuous  bird.  Yet  this  is  what  Mr.  H.  O.  Forbes 
says  of  it :  "  On  the  trees  the  white-headed  fruit-pigeon  (Ptilopus 
einctus)  sat  motionless  during  the  heat  of  the  day  in  numbers,  on 
well-exposed  branches ;  but  it  was  with  the  utmost  difficulty  that  I  or 
my  sharp-eyed  native  servant  could  ever  detect  them,  even  in  trees 
where  we  knew  they  were  sitting."  *  The  trees  referred  to  are  species 
of  Eucalyptus  which  abound  in  Timor.  They  have  whitish  or  yellowish 
bark  and  very  open  foliage,  and  it  is  the  intense  sunlight  casting  black 
curved  shadows  of  one  branch  upon  another,  with  the  white  and 
yellow  bark  and  deep  blue  sky  seen  through  openings  of  the  foliage, 
that  produces  the  peculiar  combination  of  colors  and  shadows  to 
which  the  colors  and  markings  of  this  bird  have  become  so  closely 
assimilated. 

Even  such  brilliant  and  gorgeously  colored  birds  as  the  sunbirds 
of  Africa  are,  according  to  an  excellent  observer,  often  protectively 
colored.  Mrs.  M.  E.  Barber  remarks  that  "  A  casual  observer  would 
scarcely  imagine  that  the  highly  varnished  and  magnificently  colored 
plumage  of  the  various  species  of  Noctarinea  could  be  of  service 
to  them,  yet  this  is  undoubtedly  the  case.  The  most  unguarded 
moments  of  the  lives  of  these  birds  are  those  that  are  spent  amongst 

*  A  Naturalist's  Wanderings  in  the  Eastern  Archipelago,  p.  406. 
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the  flowers,  and  it  is  then  that  they  are  less  wary  than  at  any  other 
time.  The  different  species  of  aloes,  which  blossom  in  succession, 
form  the  principal  sources  of  their  winter  supplies  of  food ;  and  a 
legion  of  other  gay  flowering  plants  in  spring  and  summer,  the  aloe- 
blossoms  especially,  are  all  brilliantly  colored,  and  they  harmonize 
admirably  with  the  gay  plumage  of  the  different  species  of  sunbirds. 
Even  the  keen  eye  of  a  hawk  will  fail  to  detect  them,  so  closely 
do  they  resemble  the  flowers  they  frequent.  The  sunbirds  are  fully 
aware  of  this  fact,  for  no  sooner  have  they  relinquished  the  flowers 
than  they  become  exceedingly  wary  and  rapid  in  flight,  darting  arrow- 
like  through  the  air  and  seldom  remaining  in  exposed  situations.  The 
black  sunbird  (Nectarinea  amethystina)  is  never  absent  from  that 
magnificent  forest-tree,  the  *  Kaffir  Boom'  (Erythrina  caffra).  All  day 
long  the  cheerful  notes  of  these  birds  may  be  heard  amongst  its 
spreading  branches,  yet  the  general  aspect  of  the  tree,  which  consists 
of  a  huge  mass  of  scarlet  and  purple-black  blossoms  without  a  single 
green  leaf,  blends  and  harmonizes  with  the  colors  of  the  black  sunbird 
to  such  an  extent  that  a  dozen  of  them  may  be  feeding  amongst  its 
blossoms  without  being  conspicuous,  or  even  visible."  * 

Some  other  cases  will  still  further  illustrate  how  the  colors  of  even 
very  conspicuous  animals  may  be  adapted  to  their  peculiar  haunts. 

The  late  Mr.  Swinhoe  says  of  the  Kerivoula  picta, which  he  observed 
in  Formosa :  "  The  body  of  this  bat  was  of  an  orange  color,  but  the 
wings  were  painted  with  orange-yellow  and  black.  It  was  caught 
suspended,  head  downwards,  on  a  cluster  of  the  fruit  of  the  longan- 
tree  (Nephelium  longanum).  Now  this  tree  is  an  evergreen,  and  all 
the  year  round  some  portion  of  its  f oliage  is  undergoing  decay,  the 
particular  leaves  being,  in  such  a  stage,  partially  orange  and  black. 
This  bat  can,  therefore,  at  all  seasons  suspend  from  its  branches  and 
elude  its  enemies  by  its  resemblance  to  the  leaves  of  the  tree."  | 

Even  more  curious  is  the  cage  of  the  sloths, —  defenseless  animals 
which  feed  upon  leaves,  and  hang  from  the  branches  of  trees  with  then* 
back  downwards.  Most  of  the  species  have  a  curious  buff-colored 
spot  on  the  back,  rounded  or  oval  in  shape  and  often  with  a  darker 
border,  which  seems  placed  there  on  purpose  to  make  them  conspic- 
uous ;  and  this  was  a  great  puzzle  to  naturalists,  because  the  long 
coarse  gray  or  greenish  hair  was  evidently  like  tree-moss  and  there- 
fore protective.  But  an  old  writer,  Baron  von  Slack,  in  his  Voyage 
to  Surinam  (1810),  had  already  explained  the  matter.  He  says:  "  The 
color  and  even  the  shape  of  the  hair  are  much  like  withered  moss,  and 
serve  to  hide  the  animal  in  the  trees,  but  particularly  when  it  has  that 
orange-colored  spot  between  the  shoulders  and  lies  close  to  the  tree ; 
it  looks  then  exactly  like  a  piece  of  branch  where  the  rest  has  been 
broken  off,  by  which  the  hunters  are  often  deceived."  Even  such  a 
huge  animal  as  the  giraffe  is  said  to  be  perfectly  concealed  by  its  color 
and  form  when  standing  among  the  dead  and  broken  trees  that  so 
often  occur  on  the  outskirts  of  the  thickets  where  it  feeds.  The  large 
blotch-like  spots  on  the  skin  and  the  strange  shape  of  the  head  and 
horns,  like  broken  branches,  so  tend  to  its  concealment  that  even  the 
keen-eyed  natives  have  been  known  to  mistake  trees  for  giraffes  or 
giraffes  for  trees. 

Innumerable  examples  of  this  kind  of  protective  coloring  occur 

*  Trans.  PkU.  Soc.  (?  of  South  Africa),  1878,  part  iv.  p.  27. 

tfroe.  ZooL  Soc.,  1862,  p.  357. 
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among  insects ;  beetles  mottled  like  the  bark  of  trees  or  resembling 
the  sand  or  rock  or  moss  on  which  they  live,  with  green  caterpillars 
of  the  exact  general  tints  of  the  foliage  they  feed  on ;  but  there  are 
also  many  cases  of  detailed  imitation  of  particular  objects  by  insects 
that  must  be  briefly  described.* 

Protective  Imitation  of  Particular  Objects, 

The  insects  which  present  this  kind  of  imitation  most  perfectly  are 
the  JPhasmidce,  or  stick-  and  leaf -insects.  The  well-known  leaf -insects 
of  Ceylon  and  of  Java,  species  of  Phyllium,  are  so  wonderfully  colored 
and  veined,  with  leafy  expansions  on  the  legs  and  thorax,  that  not  one 
person  in  ten  can  see  them  when  resting  on  the  food-plant  close 
beneath  their  eyes.  Others  resemble  pieces  of  stick,  with  all  the 
minutiae  of  knots  and  branches,  formed  by  the  insects'  legs,  which  are 
stuck  out  rigidly  and  unsymmetrically.  I  have  often  been  unable  to 
distinguish  between  one  of  these  insects  and  a  real  piece  of  stick,  till 
I  satisfied  myself  by  touching  it  and  found  it  to  be  alive.  One  species, 
which  was  brought  me  in  Borneo,  was  covered  with  delicate  semitrans- 
parent  green  foliations,  exactly  resembling  the  hepaticce  which  cover 
pieces  of  rotten  stick  in  the  damp  forests.  Others  resemble  dead  leaves 
in  all  their  varieties  of  color  and  form ;  and  to  show  how  perfect  is  the 
protection  obtained  and  how  important  it  is  to  be  the  possessors  of  it, 
the  following  incident,  observed  by  Mr.  Belt  in  Nicaragua,  is  most 
instructive.  Describing  the  armies  of  foraging  ants  hi  the  forest, which 
devour  every  insect  they  can  catch,  he  says:  "I  was  much  surprised 
with  the  behavior  of  a  green  leaf-like  locust.  This  insect  stood  immov- 
ably among  a  host  of  ants,  many  of  which  ran  over  its  legs  without 
ever  discovering  there  was  food  within  their  reach.  So  fixed  was  its 
instinctive  knowledge  that  its  safety  depended  on  its  immovability, 
that  it  allowed  me  to  pick  it  up  and  replace  it  among  the  ants  without 
making  a  single  effort  to  escape.  This  species  closely  resembles  a 
green  leaf."t 

Caterpillars  also  exhibit  a  considerable  amount  of  detailed  resem- 
blance to  the  plants  on  which  they  live.  Grass-feeders  are  striped 
longitudinally,  while  those  on  ordinary  leaves  are  always  striped 
obliquely.  Some  very  beautiful  protective  resemblances  are  shown 
among  the  caterpillars  figured  in  Smith  and  Abbott's  Lepidopterous 
Insects  of  Georgia,  a  work  published  in  the  early  part  of  the  century, 

*  With  reference  to  this  general  resemblance  of  insects  to  their  environment 
the  following  remarks  by  Mr.  Poulton  are  very  instructive.  He  says:  "Holding 
the  larva  of  Sphinx  ligustri  in  one  hand  and  a  twig  of  its  food-plant  in  the  other, 
the  wonder  we  feel  is,  not  at  the  resemblance  but  at  the  difference ;  we  are  sur- 
prised at  the  difficulty  experienced  in  detecting  so  conspicuous  an  object.  And 
yet  the  protection  is  very  real,  for  the  larvae  will  be  passed  over  by  those  who  are 
not  accustomed  to  their  appearance,  although  the  searcher  may  be  told  of  the 
presence  of  a  large  caterpillar.  An  experienced  entomologist  may  also  fail  to 
find  the  larvee  till  after  a  considerable  search.  This  is  general  protective  re- 
semblance, and  it  depends  upon  a  general  harmony  between  the  appearance  of 
the  organism  and  its  whole  environment.  It  is  impossible  to  understand  the 
force  of  this  protection  for  any  larva  without  seeing  it  on  its  food-plant  and  in 
an  entirely  normal  condition.  The  artistic  effect  of  green  foliage  is  more  complex 
than  we  often  imagine ;  numberless  modifications  are  wrought  by  varied  lights 
and  shadows  upon  colors  which  are  in  themselves  far  from  uniform.  In  the  larva 
ofPapilio  machaon  the  protection  is  very  real  when  the  larva  is  on  the  food-plant, 
and  can  hardly  be  appreciated  at  all  when  the  two  are  apart."  Numerous  other 
examples  are  given  in  the  chapter  on  "Mimicry  and  other  Protective  Resem- 
blances among  Animals,"  in  my  Contributions  to  the  Theory  of  Natural  Selection. 
1  The  Naturalist  in  Nicaragua,  p.  19 
138 


149 

before  any  theories  of  protection  were  started.  The  plates  in  this 
work  are  most  beautifully  executed  from  drawings  made  by  Mr.  Abbott, 
representing  the  insects,  in  every  case,  on  the  plants  which  they  fre- 
quented, and  no  reference  is  made  in  the  descriptions  to  the  remark- 
able protective  details  which  appear  upon  the  plates.  We  have,  first, 
the  larva  of  Sphinx  fuciformis  feeding  on  a  plant  with  linear  grass-like 
leaves  and  small  blue  flowers ;  and  we  find  the  insect  of  the  same  green 
as  the  leaves,  striped  longitudinally  in  accordance  with  the  linear  leaves, 
and  with  the  head  blue,  corresponding  both  in  size  and  color  with  the 
flowers.  Another  species  (Sphinx  tersa)  is  represented  feeding  on  a 
plant  with  small  red  flowers  situated  in  the  axils  of  the  leaves ;  and 
the  larva  has  a  row  of  seven  red  spots,  unequal  in  size,  and  corre- 
sponding very  closely  with  the  color  and  size  of  the  flowers.  Two  other 
figures  of  sphinx  larvae  are  very  curious.  That  of  Sphinx,  pampinatrix 
feeds  on  a  wild  vine  ( Vitis  indivisd),  having  green  tendrils,  and  in  this 
species  the  curved  horn  on  the  tail  is  green,  and  closely  imitates  in  its 
curve  the  tip  of  the  tendril.  But  in  another  species  (Sphinx  cranta), 
which  feeds  on  the  fox-grape  ( Vitis  vulpina),  the  horn  is  very  long 
and  red,  corresponding  with  the  long  red-tipped  tendrils  of  the  plant. 
Both  these  larvae  are  green  with  oblique  stripes,  to  harmonize  with  the 
veined  leaves  of  the  vines ;  but  a  figure  is  given  of  the  last-named  spe- 
cies after  it  has  done  feeding,  when  it  is  of  a  decided  brown  color  and 
has  entirely  lost  its  horn.  This  is  because  it  then  descends  to  thf> 
ground  to  bury  itself,  and  the  green  color  and  red  horn  would  be  con^ 
spicuous  and  dangerous;  it  therefore  loses  both  at  the  last  moult. 
Such  a  change  of  color  occurs  in  many  species  of  caterpillars.  Some- 
times the  change  is  seasonal ;  and,  in  those  which  hibernate  with  us, 
the  color  of  some  species,  which  is  brownish  in  autumn  in  adaptation 
to  the  fading  foliage,  becomes  green  in  spring  to  harmonize  with  the 
newly-opened  leaves  at  that  season.* 

Some  of  the  most  curious  examples  of  minute  imitation  are  afforded 
by  the  caterpillars  of  the  geometer-moths,  which  are  always  brown  or 
reddish,  and  resemble  in  form  little  twigs  of  the  plant  on  which  they 
feed.  They  have  the  habit,  when  at  rest,  of  standing  out  obliquely 
from  the  branch,  to  whict  they  hold  on  by  their  hind  pair  of  prolegs 
or  claspers,  and  remain  motionless  for  hours.  Speaking  of  these  pro- 
tective resemblances  Mr.  Jenner  Weir  says:  "After  being  thirty  years 
an  entomologist  I  was  deceived  myself,  and  took  out  my  pruning 
scissors  to  cut  from  a  plum-tree  a  spur  which  I  thought  I  had  over- 
looked. This  turned  out  to  be  the  larva  of  a  geometer  two  inches 
long.  I  showed  it  to  several  members  of  my  family,  and  defined  a 
space  of  four  inches  in  which  it  was  to  be  seen,  but  none  of  them 
could  perceive  that  it  was  a  caterpillar."  f 

One  more  example  of  a  protected  caterpillar  must  be  given.  Mr. 
A.  Everett,  writing  from  Sarawak,  Borneo,  says:  "I  had  a  caterpillar 
brought  me,  which,  being  mixed  by  my  boy  with  some  other  things,  I 
took  to  be  a  bit  of  moss  with  two  exquisite  pinky- white  seed-capsules ; 
but  I  soon  saw  that  it  moved,  and  examining  it  more  closely  found  out 
its  real  character :  it  is  covered  with  hair,  with  two  little  pink  spots 
on  the  upper  surface,  the  general  hue  being  more  green.  Its  motions 
are  very  slow,  and  when  eating  the  head  is  withdrawn  beneath  a  fleshy 
mobile  hood,  so  that  the  action  of  feeding  does  not  produce  any  move- 
ment externally.  It  was  found  in  the  limestone  hills  at  Busan,  the 

*  R.  Meldola,  in  Proc.  ZooL  Soc.,  1873,  p.  155.  ]  Nature,  vol.  Hi.  p.  166. 
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situation  of  all  others  where  mosses  are  most  plentiful  and  delicate,  and 
where  they  partially  clothe  most  of  the  protruding  masses  of  rock." 

How  these  Imitations  have  been  Produced. 
To  many  persons  it  will  seem  impossible  that  such  beautiful  and 
detailed  resemblances  as  those  now  described — and  these  are  only 
samples  of  thousands  that  occur  in  all  parts  of  the  world — can  have 
been  brought  about  by  the  preservation  of  accidental  useful  variations. 
But  this  will  not  seem  so  surprising  if  we  keep  in  mind  the  facts  set 
forth  in  our  earlier  chapters — the  rapid  multiplication,  the  severe  strug- 
gle for  existence,  and  the  constant  variability  of  these  and  all  other 
organisms.  And,  further,  we  must  remember  that  these  delicate  ad- 
justments are  the  result  of  a  process  which  has  been  going  on  for 
millions  of  years,  and  that  we  now  see  the  small  percentage  of  successes 
among  the  myriads  of  failures.  From  the  very  first  appearance  of 
insects  and  their  various  kinds  of  enemies  the  need  of  protection  arose, 
and  was  usually  most  easily  met  by  modifications  of  color.  Hence, 
we  may  be  sure  that  the  earliest  leaf-eating  insects  acquired  a  green 
color  as  one  of  the  necessities  of  their  existence;  and,  as  the  species 
became  modified  and  specialized,  those  feeding  on  particular  species  of 
plants  would  rapidly  acquire  the  peculiar  tints  and  markings  best 
adapted  to  conceal  them  upon  those  plants.  Then,  every  little  varia- 
tion that,  once  in  a  hundred  years  perhaps,  led  to  the  preservation 
of  some  larva  which  was  thereby  rather  better  concealed  than  its 
fellows,  would  form  the  starting-point  of  a  further  development,  lead- 
ing ultimately  to  that  perfection  of  imitation  in  details  which  now 
astonishes  us.  The  researches  of  Dr.  Weissmann  illustrate  this  pro- 
gressive adaptation.  The  very  young  larvae  of  several  species  are  green 
or  yellowish  without  any  markings ;  they  then,  in  subsequent  moults, 
obtain  certain  markings,  some  of  which  are  often  lost  again  before  the 
larva  is  fully  grown.  The  early  stages  of  those  species  which,  like 
elephant  hawk-moths  (Chcerocampa),  have  the  anterior  segments 
elongated  and  retractile,  with  large  eye-like  spots  to  imitate  the  head 
of  a  vertebrate,  are  at  first  like  those  of  non-retractile  species,  the 
anterior  segments  being  as  large  as  the  rest.  After  the  first  moult 
they  become  smaller,  comparatively ;  but  it  is  only  after  the  second 
moult  that  the  ocelli  begin  to  appear,  and  these  are  not  fully  defined 
till  after  the  third  moult.  This  progressive  development  of  the  indi- 
vidual— the  ontogeny — gives  us  a  clue  to  the  ancestral  development  of 
the  whole  race — the  phylogeny ;  and  we  are  enabled  to  picture  to  our- 
selves the  very  slow  and  gradual  steps  by  which  the  existing  perfect 
adaptation  has  been  brought  about.  In  many  larvae  great  variability 
still  exists,  and  in  some  there  are  two  or  more  distinctly-colored  forms 
— usually  a  dark  and  a  light  or  a  brown  and  a  green  form.  The  larva 
of  the  humming-bird  hawk-moth  (Macroglossa  stellatarum)  varies  in 
this  manner,  and  Dr.  Weissmann  raised  five  varieties  from  a  batch  of 
eggs  from  one  moth.  It  feeds  on  species  of  bedstraw  ( Galium  verum 
and  G.  mollugo),  and  as  the  green  forms  are  less  abundant  than  the 
brown,  it  has  probably  undergone  some  recent  change  of  food-plant  or 
of  habits  which  renders  brown  the  more  protective  color. 

Special  Protective  Coloring  of  Butterflies. 

We  will  now  consider  a  few  cases  of  special  protective  coloring  in 
the  perfect  butterfly  or  moth.  Mr.  Mansel  Weale  states  that  in  South 
Africa  there  is  a  great  prevalence  of  white  and  silvery  foliage  or  bark, 
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sometimes  of  dazzling  brilliancy,  and  that  many  insects  and  their  larvae 
have  brilliant  silvery  tints  which  are  protective,  among  them  being 
three  species  of  butterflies  whose  undersides  are  silvery,  and  which 
are  thus  effectually  protected  when  at  rest.*  A  common  African  butter- 
fly (Aterica  mdeagris)  always  settles  on  the  ground  with  closed  wings, 
which  so  closely  resemble  the  soil  of  the  district  that  it  can  with  dif- 
ficulty be  seen,  and  the  color  varies  with  the  soil  in  different  localities. 
Thus  specimens  from  Senegambia  were  dull  brown,  the  soil  being 
reddish  sand  and  iron-clay;  those  from  Calabar  and  Cameroons 
were  light  brown  with  numerous  small  white  spots,  the  soil  of  those 
countries  being  light  brown  clay  with  small  quartz  pebbles  ;  while  in 
other  localities  where  the  colors  of  the  soil  were  more  varied  the 
colors  of  the  butterfly  varied  also.  Here  we  have  variation  in  a  single 
species  which  has  become  specialized  in  certain  areas  to  harmonize 
with  the  color  of  the  soil.| 

Many  butterflies,  in  all  parts  of  the  world,  resemble  dead  leaves  on 
their  under  side,  but  those  in  which  this  form  of  protection  is  carried 
to  the  greatest  perfection  are  the  species  of  the  Eastern  genus 
Kallima.  In  India  JT.  inachis,  and  in  the  larger  Malay  islands  K. 
paralekta,  are  very  common.  They  are  rather  large  and  showy 
butterflies,  orange  and  bluish  on  the  upper  side,  with  a  very  rapid 
liight,  and  frequenting  dry  forests.  Their  habit  is  to  settle  always 
where  there  is  some  dead  or  decaying  foliage,  and  the  shape  and 
color  of  the  wings  (on  the  under  surface),  together  with  the  atti- 
tude of  the  insect,  is  such  as  to  produce  an  absolutely  perfect  imita- 
tion of  a  dead  leaf.  This  is  effected  by  the  butterfly  always  settling 
on  a  twig,  with  the  short  tail  of  the  hind  wings  just  touching  it  and 
forming  the  leaf-stalk.  From  this  a  dark  curved  line  runs  across  to 
the  elongated  tip  of  the  upper  wings,  imitating  the  midrib,  on  both 
sides  of  which  are  oblique  lines,  formed  partly  by  the  nervures  and 
partly  by  markings,  which  give  the  effect  of  the  usual  veining  of  a 
leaf.  The  head  and  antennae  fit  exactly  between  the  closed  upper 
wings  so  as  not  to  interfere  with  the  outline,  which  has  just  that 
amount  of  irregular  curvature  that  is  seen  in  dry  and  withered  leaves. 
The  color  is  very  remarkable  for  its  extreme  amount  of  variability, 
from  deep  reddish-brown  to  olive  or  pale  yellow,  hardly  two  speci- 
mens being  exactly  alike,  but  all  coming  within  the  range  of  color  of 
leaves  in  various  stages  of  decay.  Still  more  curious  is  the  fact  that 
the  paler  wings,  which  imitate  leaves  most  decayed,  are  usually 
covered  with  small  black  dots,  often  gathered  into  circular  groups, 
and  so  exactly  resembling  the  minute  fungi  on  decaying  leaves  that  it 
is  hard  at  first  to  believe  that  the  insects  themselves  are  not  attacked 
by  some  such  fungus.  The  concealment  produced  by  this  wonderful 
imitation  is  most  complete,  and  in  Sumatra  I  have  often  seen  one 
enter  a  bush  and  then  disappear  like  magic.  Once  I  was  so  fortunate 
as  to  see  the  exact  spot  on  which  the  insect  settled  ;  but  even  then  I 
lost  sight  of  it  for  some  time,  and  only  after  a  persistent  search  dis- 
covered that  it  was  close  before  my  eyes.J  Here  we  have  a  kind  of 
imitation,  which  is  very  common  in  a  less  developed  form,  carried  to 
extreme  perfection,  with  the  result  that  the  species  is  very  abundant 
over  a  considerable  area  of  country. 


*  Trans,  Ent.  Soc.  Lond.,  1878,  p.  185.  f  **«*•  (Proceedings,  p.  xliii.) 

t  Wallace's  Malay  Archipelago,  vol.  i.  p.  204  (fifth  edition,  p.  130),  with  figure. 
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Protective  Resemblance  among  Marine  Animals. 

Among  marine  animals  this  form  of  protection  is  very  common. 
Professor  Moseley  tells  us  that  all  the  inhabitants  of  the  Gulf-weed  are 
most  remarkably  colored,  for  purposes  of  protection  and  concealment, 
exactly  like  the  weed  itself.  "  The  shrimps  and  crabs  which  swarm 
in  the  weed  are  of  exactly  the  same  shade  of  yellow  as  the  weed,  and 
have  white  markings  upon  their  bodies  to  represent  the  patches  of 
Membranipora.  The  small  fish,  Antennarius,  is  in  the  same  way 
weed-color  with  white  spots.  Even  a  Planarian  worm,  which  lives  in 
the  weed,  is  similarly  yellow-colored,  and  also  a  mollusk,  Scyttcea 
pelagica.""  The  same  writer  tells  us  that  "  a  number  of  little  crubs 
found  clinging  to  the  floats  of  the  blue-shelled  mollusk,  lanthina, 
were  all  colored  of  a  corresponding  blue  for  concealment."* 

Professor  E.  S.  Morse,  of  Salem,  Mass.,  found  that  most  of  the  New 
England  marine  mollusca  were  protectively  colored, — instancing 
among  others  a  little  red  chiton  on  rocks  clothed  with  red  calcareous 
algae,  and  Crepiduta  piano,  living  within  the  apertures  of  the  shells 
of  .larger  species  of  Gasteropods  and  of  a  pure  white  color  correspond- 
ing to  its  habitat,  while  allied  species  living  on  seaweed  or  on  the 
outside  of  dark  shells  were  dark  brown.  |  A  still  more  interesting 
case  has  been  recorded  by  Mr.  George  Brady.  He  says :  "  Amongst 
the  Nullipore  which  matted  together  the  laminaria-roots  in  the  Firth 
of  Clyde  were  living  numerous  small  starfishes  (Ophiocoma  bettis) 
which,  except  when  their  writhing  movements  betrayed  them,  were 
quite  undistinguishable  from  the  calcareous  branches  of  the  alga; 
their  rigid  angularly  twisted  rays  had  all  the  appearance  of  the  corral- 
line,  and  exactly  assimilated  to  its  dark  purple  color,  so  that  though 
I  held  in  my  hand  a  root  in  which  were  half  a  dozen  of  the  star- 
fishes, I  was  really  unable  to  detect  them  until  revealed  by  their 
movements."  % 

These  few  examples  are  sufficient  to  show  that  the  principle  of  pro- 
tective coloration  extends  to  the  ocean  as  well  as  over  the  earth ;  and 
if  we  consider  how  completely  ignorant  we  are  of  the  habits  and  sur- 
roundings of  most  marine  animals,  it  may  well  happen  that  many  of 
the  colors  of  tropical  fishes,  which  seem  to  us  so  strange  and  so  con- 
spicuous, are  really  protective,  owing  to  the  number  of  equally  strange 
and  brilliant  forms  of  corals,  sea-anemones,  sponges,  and  seaweeds 
among  which  they  live. 

Protection   by  Terrifying  Enemies. 

A  considerable  number  of  quite  defenseless  insects  obtain  protection 
from  some  of  their  enemies  by  having  acquired  a  resemblance  to  dan- 
gerous animals,  or  by  some  threatening  or  unusual  appearance.  This 
is  obtained  either  by  a  modification  of  shape,  of  habits,  of  color,  or  of 
all  combined.  The  simplest  form  of  this  protection  is  the  aggressive 
attitude  of  the  caterpillars  of  the  Sphingidce,  the  forepart  of  the  body 
being  erected  so  as  to  produce  a  rude  resemblance  to  the  figure  of  a 
sphinx,  hence  the  name  of  the  family.  The  protection  is  carried  fur- 
ther by  those  species  which  retract  the  first  three  segments  and  have 
large  ocelli  on  each  side  of  the  fourth  segment,  thus  giving  to  the  cater- 

*  Moseley's  Notes  'by  a  Naturalist  on  the  Challenger. 
J  Proceedings  of  the  Boston  Society  of  Natural  History,  vol.  xiv.  1871. 
{ Nature,  1870,  p.  376. 
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pillar,  when  the  forepart  of  its  body  is  elevated,  the  appearance  of  a 
•nake  in  a  threatening  attitude. 

The  blood-red  forked  tentacle,  thrown  out  of  the  neck  of  the  lame 
of  the  genus  Papilio  when  alarmed,  is,  no  doubt,  a  protection  against 
the  attacks  of  ichneumons,  and  may,  perhaps,  also  frighten  small 
birds  ;  and  the  habit  of  turning  up  the  tail  possessed  by  the  harmless 
rove-beetles  (Staphylinidce),  giving  the  idea  that  they  can  sting,  has 
probably  a  similar  use.  Even  an  unusual  angular  form,  like  a  crooked 
twig  or  inorganic  substance,  maybe  protective, —  as  Mr.  Poulton  thinks 
is  the  case  with  the  curious  caterpillar  of  Notodonta  ziczac,  which,  by 
means  of  a  few  slight  protuberances  on  its  body,  is  able  to  assume  an 
angular  and  very  unorganic-looking  appearance.  But  perhaps  the 
most  perfect  example  of  this  kind  of  protection  is  exhibited  by  the 
large  caterpillar  of  the  Eoyal  Persimmon  moth  (Bombyx  regia\  a 
native  of  the  Southern  States  of  North  America,  and  known  there  as 
the  "  Hickory-horned  devil."  It  is  a  large  green  caterpillar,  often  six 
inches  long,  ornamented  with  an  immense  crown  of  orange-red  tuber- 
cles, which,  if  disturbed,  it  erects  and  shakes  from  side  to  side  in  a  very 
alarming  manner.  In  its  native  country  the  negroes  believe  it  to  be  as 
deadly  as  a  rattlesnake,  whereas  it  is  perfectly  innocuous.  The  green 
color  of  the  body  suggests  that  its  ancestors  were  once  protectively 
colored ;  but,  growing  too  large  to  be  effectually  concealed,  it  acquired 
the  habit  of  shaking  its  head  about  in  order  to  frighten  away  its 
enemies,  and  ultimately  developed  the  crown  of  tentacles  as  an  addi- 
tion to  its  terrifying  powers.  This  species  is  beautifully  figured  in 
Abbott  and  Smith's  Lepidopterous  Insects  of  Georgia. 

Alluring    Coloration. 

Besides  those  numerous  insects  which  obtain  protection  through 
their  resemblance  to  the  natural  objects  among  which  they  live,  there 
are  some  whose  disguise  is  not  used  for  concealment,  but  as  a  direct 
means  of  securing  their  prey  by  attracting  them  within  the  enemy's 
reach.  Only  a  few  cases  of  this  kind  of  coloration  have  yet  been 
observed,  chiefly  among  spiders  and  mantidse ;  but,  no  doubt,  if 
attention  were  given  to  the  subject  in  tropical  countries,  many  more 
would  be  discovered.  Mr.  H.  O.  Forbes  has  described  a  most 
interesting  example  of  this  kind  of  simulation  in  Java.  While  pur- 
suing a  large  butterfly  through  the  jungle,  he  was  stopped  by  a  dense 
bush,  on  a  leaf  of  which  he  observed  one  of  the  skipper  butterflies 
sitting  on  a  bird's  dropping.  "  I  had  often,"  he  says,  "  observed  small 
Blues  at  rest  on  similar  spots  on  the  ground,  and  have  wondered  what 
such  a  refined  and  beautiful  family  as  the  I/yccenidce  could  find  to 
enjoy,  in  food  apparently  so  incongruous  for  a  butterfly.  I  approached 
with  gentle  steps,  but  ready  net,  to  see  if  possible  how  the  present 
species  was  engaged.  It  permitted  me  to  get  quite  close,  and  even 
to  seize  it  between  my  fingers ;  to  my  surprise,  however,  part  of  the 
body  remained  behind,  adhering  as  I  thought  to  the  excreta.  I  looked 
closely,  and  finally  touched  with  my  finger  the  excreta  to  find  if  it 
were  glutinous.  To  my  delighted  astonishment  I  found  that  my  eyes 
had  been  most  perfectly  deceived,  and  that  what  seemed  to  be  the 
excreta  was  a  most  artfully  colored  spider,  lying  on  its  back  with  its 
feet  crossed  over  and  closely  depressed  to  the  body."  Mr.  Forbes 
then  goes  on  to  describe  the  exact  appearance  of  such  excreta,  and 
how  the  various  parts  of  the  spider  are  colored  to  produce  the 
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imitation,  even  to  the  liquid  portion  which  usually  runs  a  little  down 
the  leaf.  This  is  exactly  imitated  by  a  portion  of  the  thin  web  which 
the  spider  first  spins  to  secure  himself  firmly  to  the  leaf ;  thus  pro- 
ducing, as  Mr.  Forbes  remarks,  a  living  bait  for  butterflies  and  other 
insects  so  artfully  contrived  as  to  deceive  a  pair  of  human  eyes,  even 
when  intently  examining  it.* 

A  native  species  of  spider  ( Thomisus  titreus)  exhibits  a  somewhat 
similar  alluring  protection  by  its  close  resemblance  to  buds  of  the 
wayfaring  tree,  Viburnum  lantana.  It  is  pure  creamy-white,  the 
abdomen  exactly  resembling  in  shape  and  color  the  unopened  buds 
of  the  flowers  among  which  it  takes  its  station ;  and  it  has  been  seen 
to  capture  flies  which  came  to  the  flowers. 

But  the  most  curious  and  beautiful  case  of  alluring  protection  is 
that  of  a  wingless  Mantis  in  India,  which  is  so  formed  and  colored  as 
to  resemble  a  pink  orchis  or  some  other  fantastic  flower.  The  whole 
insect  is  of  a  bright  pink  color,  the  large  and  oval  abdomen  looking 
like  the  labellum  of  an  orchid.  On  each  side  the  two  posterior  legs 
have  immensely  dilated  and  flattened  thighs  which  represent  the  petals 
of  a  flower,  while  the  neck  and  forelegs  imitate  the  upper  sepal  and 
column  of  an  orchid.  The  insecfc  rests  motionless,  in  this  symmetrical 
attitude,  among  bright  green  foliage,  being  of  course  very  conspicuous, 
but  so  exactly  resembling  a  flower  that  butterflies  and  other  insects 
settle  upon  it  and  are  instantly  captured.  It  is  a  living  trap,  baited 
in  the  most  alluring  manner  to  catch  the  unwary  flower-haunting 
insects.f 

The  Coloration  of  Birds'  Eggs. 

The  colors  of  birds'  eggs  have  long  been  a  difficulty  on  the  theory 
of  adaptive  coloration,  because,  in  so  many  cases  it  has  not  been  easy 
to  see  what  can  be  the  use  of  the  particular  colors,  which  are  often  so 
bright  and  conspicuous  that  they  seem  intended  to  attract  attention 
rather  than  to  be  concealed.  A  more  careful  consideration  of  the 
subject  hi  all  its  bearings  shows,  however,  that  here  too,  in  a  great 
number  of  cases,  we  have  examples  of  protective  coloration.  When, 
therefore,  we  can  not  see  the  meaning  of  the  color,  we  may  suppose 
that  it  has  been  protective  in  some  ancestral  form,  and,  not  being 
hurtful,  has  persisted  under  changed  conditions  which  rendered  the 
protection  needless. 

We  may  divide  all  eggs,  for  our  present  purpose,  into  two  great 
divisions :  those  which  are  white  or  nearly  so,  and  those  which  are 
distinctly  colored  or  spotted.  Egg-shells  being  composed  mainly  of 
carbonate  of  lime,  we  may  assume  that  the  primitive  color  of  birds' 
eggs  was  white,  a  color  that  prevails  now  among  the  other  egg-bearing 
vertebrates — lizards,  crocodiles,  turtles,  and  snakes;  and  we  might, 
therefore,  expect  that  this  color  would  continue  where  its  presence 
had  no  disadvantages.  Now,  as  a  matter  of  fact,  we  find  that  in  all 

*  A  Naturalist's  Wanderings  in  the  Eastern  Archipelago,  p.  63. 

t  A  beautiful  drawing  of  this  rare  insect  Hi/menopus  bicornis  (in  the  nympr 
or  active  pupa  state)  was  kindly  sent  me  by  Mr.  Wood-Mason,  Curator  of  the 
Indian  Museum  at  Calcutta.  A  species  very  similar  to  it  inhabits  Java,  where 
it  is  said  to  resemble  a  pink  orchid.  Other  Mantidce,  of  the  genus  Gongylus,  have 
the  anterior  part  of  the  thorax  dilated  and  colored  either  white,  pink,  or  purple; 
and  they  so  closely  resemble  flowers  that,  according  to  Mr.  Wood-Mason,  one  of 
them,  having  a  bright  violet-blue  prothoracic  shield,  was  found  in  Pegu  by  a 
botanist,  and  was  for  a  moment  mistaken  by  him  for  a  flower.  See  Proc.  Ent. 
Soc.  Ltmd.,  1878,  p.  liii. 
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the  groups  of  birds  which  lay  their  eggs  in  concealed  placet,  whether 
in  holes  of  trees  or  in  the  ground,  or  in  domed  or  covered  nests,  the 
eggs  are  either  pure  white  or  of  very  pale  uniform  coloration.  Such 
is  the  case  with  kingfishers,  bee-eaters,  penguins,  and  puffins,  which 
nest  in  holes  in  the  ground  ;  with  the  great  parrot  family,  the  wood- 
peckers, the  rollers,  hoopoes,  trogons,  owls,  and  some  others,  which 
build  in  holes  in  trees  or  other  concealed  places ;  while  martins,  wrens, 
willow- warblers,  and  Australian  finches,  build  domed  or  covered  nests, 
and  usually  have  white  eggs. 

There  are,  however,  many  other  birds  which  lay  their  white  eggs 
in  open  nests ;  and  these  afford  some  very  interesting  examples  of  the 
varied  modes  by  which  concealment  may  be  obtained.  All  the  duck 
tribe,  the  grebes,  and  the  pheasants,  belong  to  this  class ;  but  these 
birds  all  have  the  habit  of  covering  their  eggs  with  dead  leaves  or 
other  material  whenever  they  leave  the  nest,  so  as  effectually  to  conceal 
them.  Other  birds,  as  the  short-eared  owl,  the  goatsucker,  the  part- 
ridge, and  some  of  the  Australian  ground- pigeons,  lay  their  white  or 
pale  eggs  on  the  bare  soil ;  but  in  these  cases  the  birds  themselves 
are  protectively  colored,  so  that,  when  setting,  they  are  almost  invisible; 
and  they  have  the  habit  of  setting  close  and  almost  continuously,  thus 
effectually  concealing  their  eggs. 

Pigeons  and  doves  offer  a  very  curious  case  of  the  protection  of 
exposed  eggs.  They  usually  build  very  slight  and  loose  nests  of 
sticks  and  twigs,  so  open  that  light  can  be  seen  through  them  from 
below,  while  they  are  generally  well  concealed  by  foliage  above.  Their 
eggs  are  white  and  shining ;  yet  it  is  a  difficult  matter  to  discover, 
from  beneath,  whether  there  are  eggs  in  the  nest  or  not,  while  they 
are  well  hidden  by  the  thick  foliage  above.  The  Australian  podargi 
—  huge  goatsuckers  —  build  very  similar  nests,  and  their  white  eggs 
are  protected  in  the  same  manner.  Some  large  and  powerful  birds, 
as  the  swans,  herons,  pelicans,  cormorants,  and  storks,  lay  white  eggs 
in  open  nests ;  but  they  keep  careful  watch  over  them,  and  are  able  to 
drive  away  intruders.  On  the  whole,  then,  we  see  that,  while  white 
eggs  are  conspicuous,  and  therefore  especially  liable  to  attack  by  egg- 
eating  animals,  they  are  concealed  from  observation  hi  many  and 
various  ways.  We  may,  therefore,  assume  that,  in  cases  where  there 
seems  to  be  no  such  concealment,  we  are  too  ignorant  of  the  whole  of 
the  conditions  to  form  a  correct  judgment. 

We  now  come  to  the  large  class  of  colored  or  richly  spotted  eggs, 
and  here  we  have  a  more  difficult  task,  though  many  of  them  decidedly 
exhibit  protective  tints  or  markings.  There  are  two  birds  which  nest 
on  sandy  shores — the  lesser  tern  and  the  ringed  plover, — and  both 
lay  sand-colored  eggs,  the  former  spotted  so  as  to  harmonize  with 
coarse  shingle,  the  latter  minutely  speckled  like  fine  sand,  which  are 
the  kinds  of  ground  the  two  birds  choose  respectively  for  their  nests. 
"  The  common  sandpipers'  eggs  assimilate  so  closely  with  the  tints 
around  them  as  to  make  their  discovery  a  matter  of  no  small  difficulty, 
as  every  oologist  can  testify  who  has  searched  for  them.  The  pewits' 
eggs,  dark  in  ground-color  and  boldly  marked,  are  in  strict  harmony 
with  the  sober  tints  of  moor  and  fallow,  and  on  this  circumstance 
alone  their  concealment  and  safety  depend.  The  divers'  eggs  furnish 
another  example  of  protective  color ;  they  are  generally  laid  close  to 
the  water's  edge,  amongst  drift  and  shingle,  where  their  dark  tints 
and  black  spots  conceal  them  by  harmonizing  closely  with  surrounding 
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objects.  The  snipes  and  the  great  army  of  sandpipers  furnish  in- 
numerable instances  of  protectively  colored  eggs.  In  all  the  instances 
given  the  letting  bird  invariably  leaves  the  eggs  uncovered  when  it 
quits  them,  and  consequently  their  safety  depends  solely  on  the 
colors  which  adorn  them."  *  The  wonderful  range  of  color  and  marking 
in  the  eggs  of  the  guillemot  may  be  imputed  to  the  inaccessible  rocks 
on  which  it  breeds,  giving  it  complete  protection  from  enemies.  Thus 
the  pale  or  bluish  ground-color  of  the  eggs  of  its  allies,  the  auks  and 
puffins,  has  become  intensified  and  blotched  and  spotted  in  the  most 
marvelous  variety  of  patterns,  owing  to  there  being  no  selective  agency 
to  prevent  individual  variation  having  full  sway. 

The  common  black  coot  (Fulica  atra)  has  eggs  which  are  colored 
in  a  specially  protective  manner.  Dr.  William  Marshall  writes  that 
it  only  breeds  in  certain  localities  where  a  large  water  reed  (Phrag- 
mites  arundinacea)  abounds.  The  eggs  of  the  coot  are  stained  and 
spotted  with  black  on  a  yellowish-gray  ground,  and  the  dead  leaves  of 
the  reed  are  of  the  same  color,  and  are  stained  black  by  small  parasit- 
ic fungi  of  the  Uredo  family ;  and  these  leaves  form  the  bed  on  which 
the  eggs  are  laid.  The  eggs  and  the  leaves  agree  so  closely  in  color 
and  markings  that  it  is  a  difficult  thing  to  distinguish  the  eggs  at  any 
distance.  It  is  to  be  noted  that  the  coot  never  covers  up  its  eggs,  as 
its  ally  the  moorhen  usuaDy  does. 

The  beautiful  blue  or  greenish  eggs  of  the  hedge-sparrow,  the  song- 
thrush,  the  blackbird,  and  the  lesser  redpole,  seem  at  first  sight  espe- 
cially calculated  to  attract  attention,  but  it  is  very  doubtful  whether 
they  are  really  so  conspicuous  when  seen  at  a  little  distance  among 
their  usual  surroundings.  For  the  nests  of  these  birds  are  either  in 
evergreens,  as  holly  or  ivy,  or  surrounded  by  the  delicate  green  tints 
of  our  early  spring  vegetation,  and  may  thus  harmonize  very  well  with 
the  colors  around  them.  The  great  majority  of  the  eggs  of  our  smaller 
birds  are  so  spotted  or  streaked  with  brown  or  black  on  variously  tinted 
grounds  that,  when  lying  in  the  shadow  of  the  nest  and  surrounded 
by  the  many  colors  and  tints  of  bark  and  moss,  of  purple  buds  and 
tender  green  or  yellow  foliage,  with  all  the  complex  glittering  lights 
and  mottled  shades  produced  among  these  by  the  spring  sunshine  and 
by  the  sparkling  raindrops,  they  must  have  a  quite  different  aspect 
from  that  which  they  possess  when  we  observe  them  from  their  natural 
surroundings.  We  have  here,  probably,  a  similar  case  of  general  pro- 
tective harmony  to  that  of  the  green  caterpillars  with  beautiful  white 
or  purple  bands  and  spots,  which,  though  gaudily  conspicuous  when 
seen  alone,  become  practically  invisible  among  the  complex  lights  and 
shadows  of  the  foliage  they  feed  upon. 

In  the  case  of  the  cuckoo,  which  lays  its  eggs  in  the  nests  of  a  vari- 
ety of  other  birds,  the  eggs  themselves  are  subject  to  considerable 
variations  of  color,  the  most  common  type,  however,  resembling  those 
of  the  pipits,  wagtails,  or  warblers,  in  whose  nests  they  are  most  fre- 
quently laid.  It  also  often  lays  in  the  nest  of  the  hedge-sparrow, 
whose  bright  blue  eggs  are  usually  not  at  all  nearly  matched,  although 
they  are  sometimes  said  to  be  so  on  the  Continent.  It  is  the  opinion 
of  many  ornithologists  that  each  female  cuckoo  lays  the  same  colored 
eggs,  and  that  it  usually  chooses  a  nest  the  owners  of  which  lay  some- 
what similar  eggs,  though  this  is  by  no  means  universally  the  case. 

*  C.  Dixon,  in  Seebohm's  History  of  British  Birds,  vol.  ii.  Introduction,  p.  xxvi. 
Many  of  the  other  examples  here  cited  are  taken  from  the  same  valuable  work. 
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Although  birds  which  have  cuckoos'  eggs  imposed  upon  them  do  not 
seem  to  neglect  them  on  account  of  any  difference  of  color,  yet  they 
probably  do  so  occasionally ;  and  if,  as  seems  probable,  each  bird's 
eggs  are  to  some  extent  protected  by  their  harmony  of  color  with  their 
surroundings,  the  presence  of  a  larger  and  very  differently  colored 
egg  in  the  nest  might  be  dangerous,  and  lead  to  the  destruction  of  the 
whole  set.  Those  cuckoos,  therefore,  which  most  frequently  placed 
their  eggs  among  the  kinds  which  they  resembled,  would  in  the  long 
run  leave  most  progeny,  and  thus  the  very  frequent  accord  in  color 
might  have  been  brought  about. 

Some  writers  have  suggested  that  the  varied  colors  of  birds'  eggs 
are  primarily  due  to  the  effect  of  surrounding  colored  objects  on  the 
female  bird  during  the  period  preceding  incubation ;  and  have  expended 
much  ingenuity  in  suggesting  the  objects  that  may  have  caused  the 
eggs  of  one  bird  to  be  blue,  another  brown,  and  another  pink.*  But 
no  evidence  has  been  presented  to  prove  that  any  effects  whatever  are 
produced  by  this  cause,  while  there  seems  no  difficulty  in  accounting 
for  the  facts  by  individual  variability  and  the  action  of  natural  selec- 
tion. The  changes  that  occur  in  the  conditions  of  existence  of  birds 
must  sometimes  render  the  concealment  less  perfect  than  it  may  once 
have  been  ;  and  when  any  danger  arises  from  this  cause,  it  may  be  met 
either  by  some  change  in  the  color  of  the  eggs,  or  in  the  structure  or 
position  of  the  nest,  or  by  the  increased  care  which  the  parents  bestow 
upon  the  eggs.  In  this  way  the  various  divergences  which  now  so 
often  puzzle  us  may  have  arisen. 

Color  as   a  Means   of  Recognition. 

If  we  consider  the  habits  and  life-histories  of  those  animals  which 
are  more  or  less  gregarious,  comprising  a  large  proportion  of  the  her- 
bivora,  some  carnivora,  and  a  considerable  number  of  all  orders  of 
birds,  we  shall  see  that  a  means  of  ready  recognition  of  its  own  kind, 
at  a  distance  or  during  rapid  motion,  in  the  dusk  of  twilight  or  in  par- 
tial cover,  must  be  of  the  greatest  advantage,  and  often  lead  to  the 
preservation  of  life.  Animals  of  this  kind  will  not  usually  receive  a 
stranger  into  their  midst.  While  they  keep  together  they  are  generally 
safe  from  attack,  but  a  solitary  straggler  becomes  an  easy  prey  to  the 
enemy ;  it  is,  therefore,  of  the  highest  importance  that,  in  such  cases, 
the  wanderer  should  have  every  facility  for  discovering  its  companions 
with  certainty  at  any  distance  within  the  range  of  vision. 

Some  means  of  easy  recognition  must  be  of  vital  importance  to  the 
young  and  inexperienced  of  each  flock,  and  it  also  enables  the  sexes  to 
recognize  their  kind  and  thus  avoid  the  evils  of  infertile  crosses;  and 
I  am  inclined  to  believe  that  its  necessity  has  had  a  more  widespread 
influence  in  determining  the  diversities  of  animal  coloration  than  any 
other  cause  whatever.  To  it  may  probably  be  imputed  the  singular 
fact  that,  whereas  bilateral  symmetry  of  coloration  is  very  frequently 
lost  among  domesticated  animals,  it  almost  universally  prevails  in  a 
state  of  Nature ;  for  if  the  two  sides  of  an  animal  were  unlike,  and  the 
diversity  of  coloration  among  domestic  animals  occurred  in  a  wild  state, 
easy  recognition  would  be  impossibe  among  numerous  closely  allied 
forms.f  The  wonderful  diversity  of  color  and  of  marking  that  prevails, 

*  See  A.  H.  S.  Lucas,  in  Proceedings  of  the  Royal  Society  of  Victoria,  1887,  p.  56. 

t  Professor  William  H.  Brewer,  of  Yale  College,  has  shown  that  the  white 
marks  or  the  spots  of  domesticated  animals  are  rarely  symmetrical,  but  have  a 
!••>!, lom-y  to  appear  more  frequently  on  the  left  side.  This  is  the  case  with 
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especially  in  birds  and  insects,  may  be  due  to  the  fact  that  one  of  the 
first  needs  of  a  new  species  would  be  to  keep  separate  from  its  nearest 
allies,  and  this  could  be  most  readily  done  by  some  easily  seen  external 
mark  of  difference.  A  few  illustrations  will  serve  to  show  how  this 
principle  acts  in  Nature. 

My  attention  was  first  called  to  the  subject  by  a  remark  of  Mr. 
Darwin's  that  though  "the  hare  on  her  form  is  a  familiar  instance 
of  concealment  through  color,  yet  the  principle  partly  fails  in  a  closely 
allied  species,  the  rabbit ;  for  when  running  to  its  burrow  it  is  made 
conspicuous  to  the  sportsman,  and  no  doubt  to  all  beasts  of  prey,  by 
its  upturned  white  tail."*  But  a  little  consideration  of  the  habits  of 
the  animal  will  show  that  the  white  upturned  tail  is  of  the  greatest 
value,  and  is  really,  as  it  has  been  termed  by  a  writer  in  The  Field,  a 
"  signal  flag  of  danger."  For  the  rabbit  is  usually  a  crepuscular  ani- 
mal, feeding  soon  after  sunset  or  on  moonlight  nights.  When  disturbed 
or  alarmed  it  makes  for  its  burrow,  and  the  white  upturned  tails  of 
those  in  front  serve  as  guides  and  signals  to  those  more  remote  from 
home,  to  the  young  and  the  feeble ;  and  thus  each  following  the  one 
or  two  before  it,  all  are  able  with  the  least  possible  delay  to  regain 
a  place  of  comparative  safety.  The  apparent  danger,  therefore,  becomes 
a  most  important  means  of  security. 

The  same  general  principle  enables  us  to  understand  the  singular, 
and  often  conspicuous,  markings  on  so  many  gregarious  herbivora 
which  are  yet,  on  the  whole,  protectively  colored.  Thus,  the  American 
prong-buck  has  a  white  patch  behind  and  a  black  muzzle.  The  Tar- 
tarian antelope,  the  Ovis  poll  of  High  Asia,  the  Java  wild  ox,  several 
species  of  deer,  and  a  large  number  of  antelopes,  have  a  similar  con- 
spicuous white  patch  behind,  which,  in  contrast  to  the  dusky  body, 
must  enable  them  to  be  seen  and  followed  from  a  distance  by  their 
fellows.  Where  there  are  many  species  of  nearly  the  same  general  size 
and  form  inhabiting  the  same  region,  as  with  the  antelopes  of  Africa, 
we  find  many  distinctive  markings  of  a  similar  kind.  The  gazelles  have 
variously  striped  and  banded  faces,  besides  white  patches  behind  and 
on  the  flanks,  as  shown  in  the  illustration  (Fig.  18).  The  spring-bok  has 
a  white  patch  on  the  face  and  one  on  the  sides,with  a  curiously  distinctive 
white  stripe  above  the  tail,  which  is  nearly  concealed  when  the  animal 
is  at  rest  by  a  fold  of  skin  but  comes  into  full  view  when  it  is  in 
motion,  being  thus  quite  analogous  to  the  upturned  white  tail  of  the 
rabbit.  In  the  pallah  the  white  rump-mark  is  bordered  with  black,  and 
the  peculiar  shape  of  the  horns  distinguishes  it  when  seen  from  the 
front.  The  sable-antelope,  the  gemsbok,  the  oryx,  the  hartbeest,  the 
bontebok,and  the  addax,have  each  peculiar  white  markings;  and  they 
are  besides  characterized  by  horns  so  remarkably  different  in  each  spe- 
cies and  so  conspicuous  that  it  seems  probable  that  the  peculiarities  in 

horses,  cattle,  dogs,  and  swine.  Among  wild  animals  the  skunk  varies  consid- 
erably in  the  amount  of  white  on  the  body,  and  this  too  was  found  to  be  usually 
greatest  on  the  left  side.  A  close  examination  of  numerous  striped  or  spotted 
species,  as  tigers,  leopards,  jaguars,  zebras,  etc.,  showed  that  the  bilateral  sym- 
metry was  not  exact,  although  the  general  effect  of  the  two  sides  was  the  same. 
This  is  precisely  what  we  should  expect  if  the  symmetry  is  not  the  result  of  a 
general  law  of  the  organization,  but  has  been,  in  part  at  least,  produced  and 
preserved  for  the  useful  purpose  of  recognition  by  the  animal's  fellows  of  the 
same  species,  and  especially  by  the  sexes  and  the  young.  See  Proceedings  of  the 
American  Association  for  the  Advancement  of  Science,  vol.  xxx.  p.  246. 
*  Descent  of  Man,  p.  542. 
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length,  twist,  and  curvature,  have  been  differentiated  for  the  purpose 
of  recognition,  rather  than  for  any  speciality  of  defense  in  apeeie* 
whose  general  habits  are  so  similar. 

It  is  interesting  to  note  that  these  markings  for  recognition  are 
very  slightly  developed  in  the  antelopes  of  the  woods  and  marshes. 
Thus,  the  grysbok  is  nearly  uniform  in  color,  except  the  long  black- 
tipped  ears ;  and  it  frequents  the  wooded  mountains.  The  duykerbok 
and  the  rhoodebok  are  wary  bush-haunters,  and  have  no  marks  but  the 
small  white  patch  behind.  The  wood-haunting  boschbok  goes  in  pairs, 
and  has  hardly  any  distinctive  marks  on  its  dusky  chestnut  coat,  but 
the  male  alone  is  horned.  The  large  and  handsome  koodoo  frequents 
brushwood,  and  its  vertical  white  stripes  are  no  doubt  protective,  while 
its  magnificent  spiral  horns  afford  easy  recognition.  The  eland,  which 
is  an  inhabitant  of  the  open  country,  is  uniformly  colored,  being  suf- 
ficiently recognizable  by  its  large  size  and  distinctive  form ;  but  the 
Derbyan  eland  is  a  forest  animal,  and  has  a  protectively  striped  coat. 


FIG.  18. —  Gazella  scemmerringi. 

In  like  manner,  the  fine  Speke's  antelope,  which  lives  entirely  in  the 
swamps  and  among  reeds,  has  pale  vertical  stripes  on  the  sides  (pro- 
tective), with  white  markings  on  face  and  breast  for  recognition.  An 
inspection  of  the  figures  of  antelopes  and  other  animals  in  Wood's 
Natural  History,  or  in  other  illustrated  works,  will  give  a  better  idea 
of  the  peculiarities  of  recognition-markings  than  any  amount  of 
description. 

Other  examples  of  such  coloration  are  to  be  seen  in  the  dusky  tints 
of  the  musk-sheep  and  the  reindeer,  to  whom  recognition  at  a  distance 
on  the  snowy  plains  is  of  more  importance  than  concealment  from  their 
few  enemies.  The  conspicuous  stripes  and  bands  of  the  zebra  and  the 
quagga  are  probably  due  to  the  same  cause,  as  may  be  the  singular 
crests  and  face-marks  of  several  of  the  monkeys  and  lemurs.* 

*  It  may  be  thought  that  such  extremely  conspicuous  markings  as  those  of 
the  zebra  would  be  a  great  danger  in  a  country  abounding  with  lions,  leopards, 
and  other  beasts  of  prey ;  but  it  is  not  so.  Zebras  usually  go  in  bands,  and  are 
so  swift  and  wary  that  they  are  in  little  danger  during  the  day.  It  is  in  the 
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Among  birds,  these  recognition-marks  are  especially  numerous  and 
guggestive.  Species  which  inhabit  open  districts  are  usually  protect- 
ively colored ;  but  they  generally  possess  some  distinctive  markings 
for  the  purpose  of  being  easily  recognized  by  their  kind,  both  when  at 
rest  and  during  flight.  Such  are  the  white  bands  and  patches  on  the 


breast  or  belly  of  many  birds,  but  more  especially  the  head  and  neck 
markings  in  the  form  of  white  or  black  caps,  collars,  eye-marks,  or 
frontal  patches,  examples  of  which  are  seen  in  the  three  species  of 
African  plovers  (Fig.  19). 

evening,  or  on  moonlight  nights,  when  they  go  to  drink,  that  they  are  chiefly 
exposed  to  attack;  and  Mr.  Francis  Galton,  who  has  studied  these  animals  in 
their  native  haunts,  assures  me  that  in  twilight  they  are  not  at  all  conspicuous, 
the  stripes  of  white  and  black  so  merging  together  into  a  gray  tint  that  it  is 
very  difficult  to  see  them  at  a  little  distance.  We  have  here  an  admirable  illus- 
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Recognition-marks  during  flight  are  very  important  for  all  birds 
which  congregate  in  flocks  or  which  migrate  together ;  and  it  is  essen- 
tial that,  while  being  as  conspicuous  as  possible,  the  marks  shall  not 
Interfere  with  the  general  protective  tints  of  the  species  when  at  rest. 
Hence  they  usually  consist  of  well-contrasted  markings  on  the  wings 
and  tail,  which  are  concealed  during  repose  but  become  fully  visible 
when  the  bird  takes  flight.  Such  markuigs  are  well  seen  in  our  four 


Jig.  30. — Oedicnemus  rermiculatua  (abore). — OE.  senegalensis  (below). 


British  species  of  shrikes,  each  having  quite  different  white  marks  ok  the 
expanded  wings  and  on  the  tail-feathers;  and  the  same  is  the  case  with 
our  three  species  of  Saxicola  —  the  stonechat,  whinchar,  and 
wheatear, — which  are  thus  easily  recognizable  on  the  -wing,  especially 

tration  of  how  a  glaringly  conspicuous  style  of  marking  for  recognition  may  be  so 
arranged  as  too  become  also  protective  at  the  time  when  protection  is  most  needed ; 
and  we  may  also  learn  how  impossible  it  is  for  us  to  decide  on  the  inutility  of 
any  kind  of  coloration  without  a  careful  study  ox  the  habits  of  the  •pecies  in 
its  native  country.. 
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when  seen  from  above,  as  they  would  be  by  stragglers  looking  out  for 
their  companions.  The  figures  opposite,  of  the  wings  of  two  African 
•pecies  of  stone-curlew  which  are  sometimes  found  in  the  same  dis- 
tricts, well  illustrates  these  specific  recognition-marks.  Though  not 
very  greatly  different  to  our  eyes,  they  are  no  doubt  amply  so  to  the 
sharp  vision  of  the  birds  themselves. 

Besides  the  white  patches  on  the  primaries  here  shown,  the 
secondary  feathers  are,  in  some  cases,  so  colored  as  to  afford  very 
distinctive  marks  during  flight,  as  seen  in  the  secondary  quills  of  two 
African  coursers  (Fig.  21). 


Cursorius  ehalcopterus.  C.  gallious. 

FIG.  21.— Secondary  quills. 

Most  characteristic  of  all,  however,  are  the  varied  markings  of  the 
outer  tail-feathers,  whose  purpose  is  so  well  shown  by  their  being 
almost  always  covered  during  repose  by  the  two  middle  feathers, 
which  are  themselves  quite  unmarked  and  protectively  tinted  like  the 
rest  of  the  upper  surface  of  the  body.  The  figures  of  the  expanded 
tails  of  two  species  of  East  Asiatic  snipe,  whose  geographical  ranges 
overlap  each  other,  will  serve  to  illustrate  this  difference ;  which  is 
frequently  much  greater  and  modified  in  an  endless  variety  of  ways 
(Fig.  22). 

Numbers  of  species  of  pigeons,  hawks,  finches,  warblers,  ducks,  and 
innumerable  other  birds,  possess  this  class  of  markings ;  and  they  cor- 
respond so  exactly  in  general  character  with  those  of  the  mammalia, 
already  described,  that  we  can  not  doubt  they  serve  a  similar  purpose.* 

*  The  principle  of  coloring  for  recognition  was,  I  believe,  first  stated  in  my 
article  on  "The  Colors  of  Animals  and  Plants,"  in  Macmillan's  Magazine,  and 
more  fully  in  my  volume  on  Tropical  Nature.  Subsequently  Mrs.  Barber  gave  a 
few  examples  under  the  head  of  "Indicative  or  Banner  Colors,"  but  she  applied 
it  to  the  distinctive  colors  of  the  males  of  birds,  which  I  explain  on  another 
jpriueiplt,  though  this  may  assist 
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Those  birds  which  are  inhabitants  of  tropical  forests,  and  which 
need  recognition-marks  that  shall  be  at  all  times  visible  among  the 
dense  foliage,  and  not  solely  or  chiefly  during  flight,  have  usually 
small  but  brilliant  patches  of  color  on  the  head  or  neck,  often  not 
interfering  with  the  generally  protective  character  of  their  plumage. 


PIG.  22. —  Seolopax  megala  (upper). — S.  stenura  (lower). 

Such  are  the  bright  patches  of  blue,  red,  or  yellow,  by  which  the 
usually  green  Eastern  barbets  are  distinguished ;  and  similar  bright 
patches  of  color  characterize  the  separate  species  of  small  green  fruit- 
doves.  To  this  necessity  for  specialization  in  color,  by  which  each 
bird  may  easily  recognize  its  kind,  is  probably  due  that  marvelous 
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variety  in  the  peculiar  beauties  of  some  groups  of  birds.  The  Duke 
of  Argyll,  speaking  of  the  humming-birds,  made  the  objection  that  "A 
crest  of  topaz  is  no  better  in  the  struggle  for  existence  than  a  crest  of 
sapphire.  A  frill  ending  in  spangles  of  the  emerald  is  no  better  in 
the  battle  of  life  than  a  frill  ending  in  spangles  of  the  ruby.  A  tail  is 
not  affected  for  the  purposes  of  flight,  whether  its  marginal  or  its 
central  feathers  are  decorated  with  white";  and  he  goes  on  to  urge 
that  mere  beauty  and  variety  for  their  own  sake  are  the  only  causes 
of  these  differences.  But,  on  the  principles  here  suggested,  the 
divergence  itself  is  useful,  and  must  have  been  produced  pari  passu 
with  the  structural  differences  on  which  the  differentiation  of  species 
depends ;  and  thus  we  have  explained  the  curious  fact  that  prominent 
differences  of  color  often  distinguish  species  otherwise  very  closely 
allied  to  each  other. 

Among  insects,  the  principle  of  distinctive  coloration  for  recognition 
has  probably  been  at  work  in  the  production  of  the  wonderful  diversity 
of  color  and  marking  we  find  averywhere,  more  especially  among  the 
butterflies  and  moths ;  and  here  its  chief  function  may  have  been  to 
secure  the  pairing  together  of  individuals  of  the  same  species.  In 
some  of  the  moths  this  has  been  secured  by  a  peculiar  odor,  which 
attracts  the  males  to  the  females  from  a  distance ;  but  there  is  no 
evidence  that  this  is  universal  or  even  general,  and  among  butterflies, 
especially,  the  characteristic  color  and  marking,  aided  by  size  and 
form,  afford  the  most  probable  means  of  recognition.  That  this  is  so 
is  shown  by  the  fact  that  "  the  common  white  butterfly  often  flie£ 
down  to  a  bit  of  paper  on  the  ground,  no  doubt  mistaking  it  for  one 
of  its  own  species  ;  while,  according  to  Mr.  Collingwood,  in  the  Malay 
Archipelago,  "  a  dead  butterfly  pinned  upon  a  conspicuous  twig  will 
often  arrest  an  insect  Of  the  same  species  in  its  headlong  flight,  and 
bring  it  down  within  easy  reach  of  the  net,  especially  if  it  be  of  the 
opposite  sex."  *  In  a  great  number  of  insects,  no  doubt,  form,  motions,, 
stridulating  sounds,  or  peculiar  odors,  serve  to  distinguish  allied 
species  from  each  other,  and  thia  must  be  especially  the  case  with 
nocturnal  insects,  or  with  those  whose  colors  are  nearly  uniform  anc 
are  determined  by  the  need  of  protection;  but  by  far  the  larger 
number  of  day-flying  and  active  insects  exhibit  varieties  of  color  and 
marking,  forming  the  most  obvious  distinction  between  allied  species, 
and  which  aave,  therefore,  in  all  probability  been  acquired  in  the 
process  of  differentiation  for  the  purpose  of  checking  the  intercrossing 
of  closely  allied  forms. ; 

Whether  this  principle  extends  to  any  of  the  less  highly  organized 
animals  is  doubtful,  though  it  may  perhaps  have  affected  the  higher 
mollusca.  But  in  marine  animals  it  seems  probable  that  the  cclors, 
however  beautiful,  varied,  and  brilliant  they  may  often  be,  are  in 
most  cases  protective,  assimilating  them  to  the  various  bright-colored 
seaweeds,  or  to  some  other  animals  which  it  is  advanta^ecns  *cr  their! 
to  imitate4 


*  Quoted  by  Darwin  in  Descent  of  Man,  p.  317. 

t  In  tha  American  Naturalist  of  March,  1888,  Mr.  J.  E.  Todd  has  an  article  on 
"Directive  Coloration  in  Animals,"  in  which  he  recognizes  many  of  the  cases 
here  referred  to,  and  suggests  a  few  others,  though  I  think  he  includes  many 
forms  of  coloration — as  "paleness  o:,  belly  and  inner  side  of  legs" — which  do 
not  belong  to  this  class. 

J  For  numerous  examples  of  this  pro  Active  coloring  of  marine  animals  see 
Moseley's  Voyage  of  the  Challenger,  and  E.  8.  Morse  in  Proceedings  of  Boston 
Soeitty  of  Natural  History,  vol.  adv.  i871 
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Summary  of  the  Preceding  Exposition. 

Before  proceeding  to  discuss  some  of  the  more  recondite  phenomena 
of  animal  coloration,  it  will  be  well  to  consider  for  a  moment  the 
extent  of  the  ground  we  have  already  covered.  Protective  coloration, 
in  some  of  its  varied  forms,  has  not  improbably  modified  the  appear- 
ance of  one  half  of  the  animals  living  on  the  globe.  The  white  of  arctic 
animals,  the  yellowish  tints  of  the  desert  forms,  the  dusky  hues  of 
crepuscular  and  nocturnal  species,  the  transparent  or  bluish  tints  of 
oceanic  creatures,  represent  a  vast  host  in  themselves ;  but  we  have  an 
equally  numerous  body  whose  tints  are  adapted  to  tropical  foliage,  to 
the  bark  of  trees,  or  to  the  soil  or  dead  leaves  on  or  among  which  they 
habitually  live.  Then  we  have  the  innumerable  special  adaptations  to 
the  tints  and  forms  of  leaves,  or  twigs,  or  flowers ;  to  bark  or  moss ;  to 
rock  or  pebble;  by  which  such  vast  numbers  of  the  insect-tribes  obtain 
protection ;  and  we  have  seen  that  these  various  forms  of  coloration 
are  equally  prevalent  in  the  waters  of  the  seas  and  oceans,  and  are 
thus  coextensive  with  the  domain  of  life  upon  the  earth.  The  compara- 
tively small  numbers  which  possess  "terrifying"  or  "alluring"  colora- 
tion may  be  classed  under  the  general  head  of  the  protectively  colored. 

But  under  the  next  head — color  for  recognition — we  have  a  totally 
distinct  category,  to  some  extent  antagonistic  or  complementary  to  the 
last,  since  its  essential  principle  is  visibility  rather  than  concealment. 
Yet  it  has  been  shown,  I  think,  that  this  mode  of  coloration  is  almost 
equally  important,  since  it  not  only  aids  in  the  preservation  of  existing 
species  and  in  the  perpetuation  of  pure  races,  but  was,  perhaps,  in  its 
earlier  stages,  a  not  unimportant  factor  in  their  development.  To  it 
we  owe  most  of  the  variety  and  much  of  the  beauty  in  the  colors  of 
animals ;  it  has  caused  at  once  bilateral  symmeti'y  and  general  perma- 
nence of  type;  and  its  range  of  action  has  been  perhaps  equally 
extensive  with  that  of  coloration  for  concealment. 

Influence  of  Locality  or  of  Climate  on  Color. 

Certain  relations  between  locality  and  coloration  have  long  been 
noticed.  Mr.  Gould  observed  that  birds  from  inland  or  continental 
localities  were  more  brightly  colored  than  those  living  near  the  sea- 
coast  or  on  islands,  and  he  supposed  that  the  more  brilliant  atmosphere 
of  the  inland  stations  was  the  explanation  of  the  phenomenon.*  Many 
American  naturalists  have  observed  similar  facts,  and  they  assert  that 
the  intensity  of  the  colors  of  birds  and  mammals  increases  from  north 
to  south,  and  also  with  the  increase  of  humidity.  This  change  is 
imputed  by  Mr.  J.  A.  Allen  to  the  direct  action  of  the  environment. 
He  says:  "In  respect  to  the  correlation  of  intensity  of  color  in 
animals  with  the  degree  of  humidity,  it  would  perhaps  be  more  in 
accordance  with  cause  and  effect  to  express  the  law  of  correlation  as 
a  decrease  of  intensity  of  color  with  a  decrease  of  humidity,  the  pale- 
ness evidently  resulting  from  exposure  and  the  blanching  effect  of 
intense  sunlight,  and  a  dry,  often  intensely  heated,  atmosphere.  With 
the  decrease  of  the  aqueous  precipitation  the  forest  growth  and  the 
protection  afforded  by  arborescent  vegetation  gradually  also  decreases, 
as  of  course  does  also  the  protection  afforded  by  clouds,  the  excess- 
ively humid  regions  being  also  regions  of  extreme  cloudiness,  while 
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tk«  dry  region*  w«  eomparatirely  cl»udl««s  districts."*  Almost 
identical  changes  occur  in  birds,  and  are  imputed  by  Mr.  Allen  to 
similar  causes. 

It  will  be  seen  that  Mr.  Gould  and  Mr.  Allen  impute  opposite  effects 
to  the  same  cause,  brilliancy  or  intensity  of  color  being  due  to  a  brill- 
iant atmosphere  according  to  the  former,  while  paleness  of  color  is 
imputed  by  the  latter  to  a  too  brilliant  sun.  According  to  the  princi- 
ples which  have  been  established  by  the  consideration  of  arctic,  desert, 
and  forest  animals,  respectively,  we  shall  be  led  to  conclude  that  there 
has  been  no  direct  action  in  this  case,  but  that  the  effects  observed 
are  due  to  the  greater  or  less  need  of  protection.  The  pale  color  that 
is  prevalent  in  arid  districts  is  in  harmony  with  the  general  tints  of  the 
surface;  while  the  brighter  tints  or  more  intense  coloration,  both 
southward  and  in  humid  districts,  are  sufficiently  explained  by  the 
greater  shelter  due  to  a  more  luxuriant  vegetation  and  a  shorter  winter. 
The  advocates  of  the  theory  that  intensity  of  light  directly  affects  the 
colors  of  organisms,  are  led  into  perpetual  inconsistencies.  At  one 
time  the  brilliant  colors  of  tropical  birds  and  insects  are  imputed  to 
the  intensity  of  a  tropical  sun,  while  the  same  intensity  of  sunlight  is 
now  said  to  have  a  "bleaching"  effect.  The  comparatively  dull  and 
sober  hues  of  our  northern  fauna  were  once  supposed  to  be  the  result 
of  our  cloudy  skies  ;  but  now  we  are  told  that  cloudy  skies  and  a  humid 
atmosphere  intensify  color. 

In  my  Tropical  Nature  (pp.  257-264)  I  have  called  attention  to 
what  is  perhaps  the  most  curious  and  decided  relation  of  color  to 
locality  which  has  yet  been  observed  —  the  prevalence  of  white  mark- 
ings in  the  butterflies  and  birds  of  islands.  So  many  cases  are  adduced 
from  so  many  different  islands,  both  in  the  eastern  and  western  hemis- 
phere, that  it  is  impossible  to  doubt  the  existence  of  some  common 
cause  ;  and  it  seems  probable  to  me  now,  after  a  fuller  consideration 
of  the  whole  subject  of  color,  that  here  too  we  have  one  of  the  almost 
innumerable  results  of  the  principle  of  protective  coloration.  White 
is,  as  a  rule,  an  uncommon  color  in  animals,  but  probably  only  because 
it  is  so  conspicuous.  Whenever  it  becomes  protective,  as  in  the  case 
of  arctic  animals  and  aquatic  birds,  it  appears  freely  enough  ;  while  we 
know  that  white  varieties  of  many  species  occur  occasionally  in  the 
wild  state,  and  that,  under  domestication,  white  or  parti-colored  breeds 
are  freely  produced.  Now  in  all  the  islands  in  which  exceptionally 
white-marked  birds  and  butterflies  have  been  observed,  we  find  two 
features  which  would  tend  to  render  the  conspicuous  white  markings 
less  injurious  —  a  luxuriant  tropical  vegetation,  and  a  decided  scarcity 
of  rapacious  mammals  and  birds.  White  colors,  therefore,  would  not 
be  eliminated  by  natural  selection  ;  but  variations  in  this  direction 
would  bear  their  part  in  producing  the  recognition-marks  which  are 
everywhere  essential,  and  which,  in  these  islands,  need  not  be  so  small 
or  so  conspicuous  as  elsewhere. 

Concluding  Remarks. 

On  a  review  of  the  whole  subject,  then,  we  must  conclude  that  there 
i»  no  evidence  of  the  individual  or  prevalent  colors  of  organisms  being 
directly  determined  by  the  amount  of  light,  or  heat,  or  moisture,  to 

*  The  "Geographical  Variations  of  North  American  Squirrels,"  Proc.  Boston 
Society  of  Natural  History,  1874,  p.  284:  and  Mammals  and  Winter  Birds  «f  Florida* 
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which  they  are  exposed ;  while,  on  the  other  hand,  th«  two  great 
principles  of  the  need  of  concealment  from  enemies  or  from  their  prey, 
and  of  recognition  by  their  own  kind,  are  so  wide-reaching  in  their 
application  that  they  appear  at  first  sight  to  cover  almost  the  whole 
ground  of  animal  coloration.  But,  although  they  are  indeed  wonder- 
fully general  and  have  as  yet  been  very  imperfectly  studied,  we  are 
acquainted  with  other  modes  of  coloration  which  have  a  different  origin. 
These  chiefly  appertain  to  the  very  singular  class  of  warning  colors, 
from  which  arise  the  yet  more  extraordinary  phenomena  of  mimicry; 
and  they  open  up  so  curious  a  field  of  inquiry  and  present  so  many 
interesting  problems,  that  a  chapter  must  be  devoted  to  them.  Yet 
another  chapter  will  be  required  by  the  subject  of  sexual  differentia- 
tion of  color  and  ornament,  as  to  the  origin  and  meaning  of  which  I 
have  arrived  at  different  conclusions  from  Mr.  Darwin.  These  various 
forms  of  coloration  having  been  discussed  and  illustrated,  we  shall 
be  in  a  position  to  attempt  a  brief  sketch  of  the  fundamental  laws 
which  have  determined  the  general  coloration  of  the  animal  world. 
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CHAPTER    IX. 

WARNING   COLORATION   AND    MIMICRY. 

The  skunk  as  an  example  of  warning  coloration. — Warning  colors  among  insects. 
Butterflies. —  Caterpillars. —  Mimicry. —  How  Mimicry  has  been  produced.— 
Heliconidse.— Perfection  of  the  imitation. —  Other  cases  of  imitation  among 
Lepidoptera. — Mimicry  among  protected  groups. — Its  explanation. — Exten- 
sion of  the  principle.— Mimicry  in  other  orders  of  insects. —  Mimicry  among 
the  vertebrata. —  Snakes. — The  rattlesnake  and  the  cobra. —  Mimicry  among 
birds. — Objections  to  the  theory  of  mimicry. — Concluding  remarks  on  warn- 
ing colors  and  mimicry. 

We  have  now  to  deal  with  a  class  of  colors  which  are  the  very 
opposite  of  those  we  have  hitherto  considered,  since,  instead  of  serving 
to  conceal  the  animals  that  possess  them  or  as  recognition-marks  to 
their  associates,  they  are  developed  for  the  express  purpose  of  render- 
ing the  species  conspicuous.  The  reason  of  this  is  that  the  animals 
in  question  are  either  the  possessors  of  some  deadly  weapons,  as  stings 
or  poison-fangs,  or  they  are  uneatable,  and  are  thus  so  disagreeable 
to  the  usual  enemies  of  their  kind  that  they  are  never  attacked  when 
then:  peculiar  powers  or  properties  are  known.  It  is,  therefore,  import- 
ant that  they  should  not  be  mistaken  for  defenseless  or  eatable  species 
of  the  same  class  or  order,  since  in  that  case  they  might  suffer  injury, 
or  even  death,  before  their  enemies  discovered  the  danger  or  the  use- 
lessness  of  the  attack.  They  require  some  signal  or  danger-flag  which 
shall  serve  as  a  warning  to  would-be  enemies  not  to  attack  them,  and 
they  have  usually  obtained  this  in  the  form  of  conspicuous  or  brilliant 
coloration,  very  distinct  from  the  protective  tints  of  the  defenseless 
animals  allied  to  them. 

The  Skunk   as   illustrating  Warning  Coloration. 

While  staying  a  few  days,  in  July,  1887,  at  the  Summit  Hotel,  on 
the  Central  Pacific  Railroad,  I  strolled  out  one  evening  after  dinner, 
and  on  the  road,  not  fifty  yards  from  the  house,  I  saw  a  pretty  little 
white  and  black  animal,  with  a  bushy  tail,  coming  toward  me.  As  it 
came  on  at  a  slow  pace  and  without  any  fear,  although  it  evidently 
saw  me,  I  thought  at  first  that  it  must  be  some  tame  creature,  when 
it  suddenly  occurred  to  me  that  it  was  a  skunk.  It  came  on  till  within 
five  or  six  yards  of  me,  then  quietly  climbed  over  a  dwarf  wall  and 
disappeared  under  a  small  outhouse,  in  search  of  chickens,  as  the  land- 
lord afterwards  told  me.  This  animal  possesses,  as  is  well  known,  a 
most  offensive  secretion,  which  it  has  the  power  of  ejecting  over  its 
enemies,  and  which  effectually  protects  it  from  attack.  The  odor  of 
this  substance  is  so  penetrating  that  it  taints,  and  renders  useless, 
everything  it  touches,  or  in  its  vicinity.  Provisions  near  it  become 
uneatable,  and  clothes  saturated  with  it  retain  the  smell  for  several 
weeks,  even  though  they  are  repeatedly  washed  and  dried.  A  drop 
of  the  liquid  in  the  eyes  will  cause  blindness,  and  Indians  are  said 
not  unfrequently  to  lose  their  sight  from  this  cause.  Owing  to  this 
remarkable  power  of  offense  the  skunk  is  rarely  attacked  by  other 
animals,  and  its  black  and  white  fur  and  the  bushy  white  tail,  carried 
erect  when  disturbed,  form  the  danger-signals  by  which  it  is  easily 
distinguished  in  the  twilight  or  moonlight  from  unprotected  animals. 
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Its  consciousness  that  it  needs  only  to  be  seen  to  be  aroided  gires  it 
that  slowness  of  motion  and  fearlessness  of  aspect  which  are,  as  w« 
shall  see.  characteristic  of  most  creatures  so  protected. 

Warning  Colors   among  Insects. 

It  is  among  insects  that  warning  colors  are  best  developed,  and 
most  abundant.  We  all  know  how  well  marked  and  conspicuous  are 
the  colors  and  forms  of  the  stinging  wasps  and  bees,  no  one  of  which 
in  any  part  of  the  world  is  known  to  be  protectively  colored  like  the 
majority  of  defenseless  insects.  Most  of  the  great  tribe  of  Malacoderms 
among  beetles  are  distasteful  to  insect-eating  animals.  Our  red  and 
black  Telephoridce,  commonly  called  "  soldiers  and  sailors,"  were  found 
by  Mr.  Jenner  Weir  to  be  refused  by  small  birds.  These  and  the  allied 
Jjompyridce  (the  fireflies  and  glowworms)  in  Nicaragua,  were  rejected 
by  Mr.  Belt's  tame  monkey  and  by  his  fowls,  though  most  other  insects 
were  greedily  eaten  by  them.  The  Coccinellidce,  or  lady-birds,  are 
another  uneatable  group,  and  their  conspicuous  and  singularly  spotted 
bodies  serve  to  distinguish  them  at  a  glance  from  all  other  beetles. 

These  uneatable  insects  are  probably  more  numerous  than  is  sup- 
posed, although  we  already  know  immense  numbers  that  are  so  pro- 
tected. The  most  remarkable  are  the  three  families  of  butterflies — 
H 'el icon  idee,  J)anaidce,  and  Acrceidce, —  comprising  more  than  a  thous- 
and species,  and  characteristic  respectively  of  the  three  great  tropical 
regions  —  South  America,  Southern  Asia,  and  Africa.  All  these  butter- 
flies have  peculiarities  which  serve  to  distinguish  them  from  every 
other  group  in  their  respective  regions.  They  all  have  ample  but 
rather  weak  wings,  and  fly  slowly ;  they  are  always  very  abundant ;  and 
they  all  have  conspicuous  colors  or  markings,  so  distinct  from  those 
of  other  families  that,  in  conjunction  with  their  peculiar  outline  and 
mode  of  flight,  they  can  usually  be  recognized  at  a  glance.  Other  dis- 
tinctive features  are  that  their  colors  are  always  nearly  the  same  on 
the  under  surface  of  their  wings  as  on  the  upper ;  they  never  try  to 
conceal  themselves,  but  rest  on  the  upper  surfaces  of  leaves  or  flowers; 
and,  lastly,  they  all  have  juices  which  exhale  a  powerful  scent,  so  that 
when  one  kills  them  by  pinching  the  body,  the  liquid  that  exudes 
stains  the  fingers  yellow,  and  leaves  an  odor  that  can  only  be  removed 
by  repeated  washings. 

Now,  there  is  much  direct  evidence  to  show  that  this  odor,  though 
not  very  offensive  to  us,  is  so  to  most  insect-eating  creatures.  Mr. 
Bates  observed  that,  when  set  out  to  dry,  specimens  of  Heliconidce 
were  less  subject  to  the  attacks  of  vermin ;  while  both  he  and  I  noticed 
that  they  were  not  attacked  by  insect-eating  birds  or  dragonflies,  and 
that  their  wings  were  not  found  in  the  forest-paths  among  the 
numerous  wings  of  other  butterflies  whose  bodies  had  been  devoured. 
Mr.  Belt  once  observed  a  pair  of  birds  capturing  insects  for  then- 
young  ;  and  although  the  Heliconidce  swarmed  in  the  vicinity,  and 
from  their  slow  flight  could  have  been  easily  caught,  not  one  was  ever 
pursued,  although  other  butterflies  did  not  escape.  His  tame  monkey 
also,  which  would  greedily  munch  up  other  butterflies,  would  never 
eat  the  Heliconidce.  It  would  sometimes  smell  them,  but  always 
rolled  them  up  in  its  hand  and  then  dropped  them. 

We  have  also  some  corresponding  evidence  as  to  the  distastefulness 
of  the  Eastern  Danaidce.  The  Hon.  Mr.  Justice  Newton,  who  assid- 
uously collected  and  took  notes  upon  the  Lepidoptera  of  Bombay, 
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informed  Mr.  Butler  of  the  British  Museum  that  the  large  and  swift- 
flying1  butterfly  Charaxes  psaphon  was  continually  persecuted  by  the 
bulbul,  so  that  he  rarely  caught  a  specimen  of  this  species  which  had 
not  a  piece  snipped  out  of  the  hind  wings.  He  offered  one  to  a  bolbul 
which  he  had  in  a  cage,  and  it  was  greedily  devoured,  whilst  it  was 
only  by  repeated  persecution  that  he  succeeded  in  inducing  the  bird 
to  touch  a  Danais.* 

Besides  these  three  families  of  butterflies,  there  are  certain  groups 
of  the  great  genus  Papllio — the  true  swallow-tailed  butterflies — which 
have  all  the  characteristics  of  uneatable  insects.  They  have  a  special 
coloration,  usually  red  and  black  (at  least  in  the  females),  they  fly 
slowly,  they  are  very  abundant,  and  they  possess  a  peculiar  odor 
somewhat  like  that  of  the  Jleliconidce.  One  of  these  groups  is  common 
in  tropical  Ameraca,  another  in  tropical  Asia;  and  it  is  curious  that, 
although  not  very  closely  allied,  they  have  each  the  same  red  and 
black  colors,  and  are  very  distinct  from  all  the  other  butterflies  of 
their  respective  countries.  There  is  reason  to  believe  also  that  many 
of  the  brilliantly  colored  and  weak-flying  diurnal  moths,  like  the  fine 
tropical  Agaristidce  and  burnet-moths,  are  similarly  protected,  and 
that  their  conspicuous  colors  serve  as  a  warning  of  inedibility.  The 
common  burnet-moth  (Anthrocera  flllipendida)  and  the  equally  con- 
spicuous ragwort-moth  (Euchelia  jacobece)  have  been  proved  to  be 
distasteful  to  insect-eating  creatures. 

The  most  interesting  and  most  conclusive  example  of  warning 
coloration  is,  however,  furnished  by  caterpillars,  because  in  this  case 
the  facts  have  been  carefully  ascertained  experimentally  by  competent 
observers.  In  the  year  1866,  when  Mr.  Darwin  was  collecting  evidence 
as  to  the  supposed  effect  of  sexual  selection  in  bringing  about  the 
brilliant  coloration  of  the  higher  animals,  he  was  struck  by  the  fact 
that  many  caterpillars  have  brilliant  and  conspicuous  colors,  in  the 
production  of  which  sexual  selection  could  have  no  place.  We  have 
numbers  of  such  caterpillars  in  this  country,  and  they  are  character- 
ized not  only  by  their  gay  colors  but  by  not  concealing  themselves. 
Such  are  the  mullein  and  the  gooseberry  caterpillars,  the  larvae  of  the 
spurge  hawk-moth,  of  the  buff-tip,  and  many  others.  Some  of  these 
caterpillars  are  wonderfully  conspicuous,  as  in  the  case  of  that  noticed 
by  Mr.  Bates  in  South  America,  which  was  four  inches  long,  banded 
across  with  black  and  yellow,  and  with  bright  red  head,  legs,  and  tail. 
Hence  it  caught  the  eye  of  any  one  who  passed  by,  even  at  the  distance 
of  many  yards. 

Mr.  Darwin  asked  me  to  try  and  suggest  some  explanation  of  this 
coloration;  and,  having  been  recently  interested  in  the  question  of 
the  warning  coloration  of  butterflies,  I  suggested  that  this  was  prob- 
ably a  similar  case, —  that  these  conspicuous  caterpillars  were  distaste- 
ful to  birds  and  other  insect-eating  creatures,  and  that  their  bright 
non-protective  colors  and  habit  of  exposing  themselves  to  view  enabled 
their  enemies  to  distinguish  them  at  a  glance  from  the  edible  kinds, 
and  thus  learn  not  to  touch  them;  for  it  must  be  remembered  that 
the  bodies  of  caterpillars  while  growing  are  so  delicate  that  a  wound 
from  a  bird's  beak  would  be  perhaps  as  fatal  as  if  they  were  devoured.! 

*  Nature,  vol.  iii.  p.  165.  Professor  Meldola  observed  that  specimens  of  Danais 
and  Euplcea  in  collections  were  less  subject  to  the  attacks  of  mites  (Proc.  Ent. 
Soc.,  1877,  p.  xii.)i  and  this  was  corroborated  by  Mr  Jenner  Weir. — Entomologist, 
1882,  vol.  XT.  p.  160.  t  See  Darwin'*  J)e$<xnt  of  Man,  p.  325, 
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At  this  time  not  a  single  experiment  or  observation  had  been  made  on 
the  subject;  but  after  I  had  brought  the  matter  before  the  Entomo- 
logical Society,  two  gentlemen, who  kept  birds  and  other  tame  animals, 
undertook  to  make  experiments  with  a  variety  of  caterpillars. 

Mr.  Jenner  Weir  was  the  first  to  experiment  with  ten  species  of 
small  birds  in  his  aviary,  and  he  found  that  none  of  them  would 
eat  the  following  smooth-skinned  conspicuous  caterpillars — Abraxas 
grossulariata,  I)iloba  cceruleocephala,  Anthrocera  Jilipendula,  and 
Cucullia  verbasci.  He  also  found  that  they  would  not  touch  any 
hairy  or  spiny  larvae,  and  he  was  satisfied  that  it  was  not  the  hairs  or 
the  spines,  but  the  unpleasant  taste,  that  caused  them  to  be  rejected, 
because  in  one  case  a  young  smooth  larva  of  a  hairy  species,  and  in 
another  case  the  pupa  of  a  spiny  larva,  were  equally  rejected.  On  the 
other  hand,  all  green  or  brown  caterpillars  as  well  as  those  that 
resemble  twigs  were  greedily  devoured.* 

Mr.  A.  G.  Butler  also  made  experiments  with  some  green  lizards 
(Lacerta  viridis),  which  greedily  ate  all  kinds  of  food,  including  flies 
of  many  kinds,  spiders,  bees,  butterflies,  and  green  caterpillars;  but 
they  would  not  touch  the  caterpillar  of  the  gooseberry-moth  (Abraxas 
grossulariata),  or  the  imago  of  the  burnet-moth  (Anthrocera  JUipen- 
dula).  The  same  thing  happened  with  frogs.  When  the  gooseberry 
caterpillars  were  first  given  to  them,  "they  sprang  forward  and  licked 
them  eagerly  into  their  mouths ;  no  sooner,  however,  had  they  done 
so  than  they  seemed  to  become  aware  of  the  mistake  that  they  had 
made,  and  sat  with  gaping  mouths,  rolling  their  tongues  about,  until 
they  had  got  quit  of  the  nauseous  morsels,  which  seemed  perfectly 
uninjured,  and  walked  off  as  briskly  as  ever."  Spiders  seemed  equally 
to  dislike  them.  This  and  another  conspicuous  caterpillar  (Ifalia 
icavaria)  were  rejected  by  two  species — the  geometrical  garden-spider 
(Epeira  diadema)  and  a  hunting-spider. t 

Some  further  experiments  with  lizards  were  made  by  Professor 
Weissman,  quite  confirming  the  previous  observations;  and  in  1886 
Mr.  E.  B.  Poulton,  of  Oxford,  undertook  a  considerable  series  of 
experiments  with  many  other  species  of  larvae  and  fresh  kinds  of 
lizards  and  frogs.  Mr.  Poulton  then  reviewed  the  whole  subject, 
incorporating  all  recorded  facts,  as  well  as  some  additional  observa- 
tions made  by  Mr.  Jenner  Weir  in  1886.  More  than  a  hundred  species 
of  larvae  or  of  perfect  insects  of  various  orders  have  now  been  made 
the  subject  of  experiment,  and  the  results  completely  confirm  my 
original  suggestion.  In  almost  every  case  the  protectively  colored 
larvae  have  been  greedily  eaten  by  all  kinds  of  insectivorous  animals, 
while,  in  the  immense  majority  of  cases,  the  conspicuous,  hairy,  or 
brightly  colored  larvae  have  been  rejected  by  some  or  all  of  them.  In 
some  instances  the  inedibility  of  the  larvae  extends  to  the  perfect 
insect,  but  not  in  others.  In  the  former  cases  the  perfect  insect  is 
usually  adorned  with  conspicuous  colors,  as  the  burnet  and  ragwort 
moths;  but  hi  the  case  of  the  buff-tip,  the  moth  resembles  a  broken 
piece  of  rotten  stick,  yet  it  is  partly  inedible,  being  refused  by  lizards. 
It  is,  however,  very  doubtful  whether  these  are  its  chief  enemies,  and 
its  protective  form  and  color  may  be  needed  against  insectivorous 
birds  or  mammals. 

Mr-  Samuel  H.  Scudder,  who  has  largely  bred  North  American 

*  Transactions  of  tite  Entomological  Society  oj  London,  1869,  p.  21, 

.,  p.  27. 
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butterflies,  has  found  so  many  of  the  eggs  and  larvae  destroyed  by 
hymenopterous  and  dipterous  parasites  that  he  thinks  at  least  nin« 
tenths,  perhaps  a  greater  proportion,  never  reach  maturity.  Yet  h« 
has  never  found  any  evidence  that  such  parasites  attack  either  the 
egg  or  the  larva  of  the  inedible  Danais  archippus,  so  that  in  this  case 
the  insect  is  distasteful  to  its  most  dangerous  foes  in  all  the  dtages  of 
its  existence,  a  fact  which  serves  to  explain  its  great  abundance  and 
its  extension  over  almost  the  whole  world.* 

One  case  has  been  found  of  a  protectively  colored  larva — one, 
moreover,  which  i-n  all  its  habits  shows  that  it  trusts  to  concealment 
to  escape  its  er.emies — -which  was  yet  always  rejected  by  lizards  after 
they  had  seized  it,  evidently  under  the  impression  that  from  its  color 
it  would  be  eatable.  This  is  the  caterpillar  of  the  very  common 
moth  Mania  typica;  and  Mr  Poulton  thinks  that,  in  this  case,  the 
unpleasant  taste  is  an  incidental  result  of  some  physiological  processes 
in  the  organism,  and  is  itself  a  merely  useless  character.  It  is  evident 
that  the  insect  would  not  conceal  itself  so  carefully  as  it  does  if  it  had 
not  some  enemies,  and  these  are  probably  birds  or  small  mammals,  as 
its  food-plants  are  said  to  be  dock  and  willow-herb,  not  suggestive  of 
places  frequented  by  lizards ;  and  it  has  been  found  by  experiment 
that  lizards  and  birds  have  not  always  the  same  likes  and  dislikes. 
The  case  is  interesting,  because  it  shows  that  nauseous  fluids  some- 
times occur  sporadically,  and  may  thus  be  intensified  by  natural 
selection  when  required  for  the  purpose  of  protection.  Another 
exceptional  case  is  that  of  the  very  conspicuous  caterpillar  of  the 
spurge  hawk-moth  (De.ilephila  euphorbias),  which  was  at  once  eat< ; 
by  a  lizard,  although,  as  it  exposes  itself  on  its  food-plant  in  the  day- 
time and  is  very  abundant  in  some  localities,  it  must  almost  certain; " 
be  disliked  by  birds  or  by  some  animals  who  would  otherwise  devoir 
it.  If  disturbed  while  feeding  it  is  said  to  turn  round  with  fury  and 
eject  a  quantity  of  green  liquid,  of  an  acid  and  disagreeable  smell 
similar  to  that  of  the  spurge  milk,  only  worse,  f 

These  facts,  and  Mr.  Poulton' s  evidence  that  some  larvse  rejected 
by  lizards  at  first  will  be  eaten  if  tha  lizards  are  very  hungry,  show 
that  there  are  differences  in  the  amount  of  the  distastefulness,  and 
render  it  probable  that  if  other  food  were  wanting  many  of  these  con- 
spicuous insects  would  be  eaten.  It  is  the  abundance  of  the  eatable 
kinds  that  gives  value  to  the  inedibility  of  the  smaller  number ;  and 
this  is  probably  the  reason  why  so  many  insects  rely  on  protective 
coloring  rather  than  on  the  acquisition  of  any  kind  of  defensive 
weapons.  In  the  long  run  the  powers  of  attack  and  defense  nuist 
balance  each  other.  Hence  we  see  that  even  the  powerful  stings  of 
bees  and  wasps  only  protect  them  against  some  enemies,  since  a  tribe 
of  birds,  the  bee-eaters,  have  been  developed  which  feed  upon  them, 
and  some  frogs  and  lizards  do  so  occasionally. 

The  preceding  outline  will  sufficiently  explain  the  characteristics 
of  "  warning  coloration  "  and  the  end  it  serves  in  Nature.  There  are 
many  other  curious  modifications  of  it,  but  these  will  be  best  appre- 
ciated after  we  have  discussed  the  remarkable  phenomenon  of 
"  mimicry,"  which  is  bound  up  with  and  altogether  depends  upon 
"  warning  color,"  and  is  in  some  cases  the  chief  indication  we  have  of 

*  Xatnre,  vol.  iii.  p.  147. 

f  Stainton's  Manual  of  Butterflies  and  Moths,  vol.  i.  p.  93;  E.  B.  Poulton, 
froceedings  of  the  Zool.  Soc.  of  Lontf™,  1W.  pp.  191-274. 

162 


DARWINISM.  173 

the  possession  of  some  offensive  weapon  to  secure  the  safety  of  th« 
species  imitated. 

Mimicry. 

This  term  has  been  given  to  a  form  of  protective  resemblance  in 
which  one  species  so  closely  resembles  anotuer  in  external  form  and 
coloring  as  to  be  mistaken  for  it,  although  the  two  may  not  be  really 
allied  and  often  belong  to  distinct  families  or  orders.  One  creature 
seems  disguised  in  order  to  be  made  like  another ;  hence  the  terms 
"mimic"  and  "mimicry,"  which  imply  no  voluntary  action  on  the  part 
of  the  imitater.  It  has  long  been  known  that  such  resemblances  do 
occur,  as,  for  example,  the  clear- winged  moths  of  tlie  families  Sesiidoe 
and  ^Egeriidce,  many  of  which  resemble  bees,  wasps,  ichneumons,  or 
sawflies,  and  have  received  names  expressive  of  the  resemblance ;  and 
the  parasitic  flies  ( Volucelld)  which  closely  resemble  bees,  on  whose 
larvae  the  larvae  of  the  flies  feed. 

The  great  bulk  of  such  cases  remain,  however,  unnoticed,  and  the 
subject  was  looked  upon  as  one  of  the  inexplicable  curiosities  of 
Nature  till  Mr.  Bates  studied  the  phenomenon  among  the  butterflies 
of  the  Amazon,  and,  on  his  return  home,  gave  the  first  rational  explana- 
tion of  it.*  The  facts  are,  briefly,  these.  Everywhere  hi  that  fertile 
region  for  the  entomologist  the  brilliantly-colored  Heliconidas  abound, 
with  all  the  characteristics  which  I  have  already  referred  to  when 
describing  them  as  illustrative  of  "  warning  coloration."  But  along 
with  them  other  butterflies  were  occasionally  captured,  which,  though 
often  mistaken  for  them,  on  account  of  their  close  resemblance  hi  form, 
color,  and  mode  of  flight,  were  found  on  examination  to  belong  to  a 
very  distinct  family,  the  Pieridce.  Mr.  Bates  notices  fifteen  distinct 
species  of  Pieridce.  belonging  to  the  genera  Leptalis  and  Euterpe, 
each  of  which  closely  imitates  some  one  species  of  Heliconidce,  inhabit- 
ing the  same  region  and  frequenting  the  same  localities.  It  must  be 
remembered  that  the  two  families  are  altogether  distinct  in  structure. 
The  larvae  of  the  Heliconidce  are  tubercled  or  spined,  the  pupae  sus- 
pended head  downwards,  and  the  imago  has  imperfect  forelegs  in  the 
male ;  while  the  larvae  of  the  Pieridoe  are  smooth,  the  pupae  are  sus- 
pended with  a  brace  to  keep  the  head  erect,  and  the  forefeet  are  fully 
developed  in  both  sexes.  These  differences  are  as  large  and  as 
important  as  those  between  pigs  and  sheep,  or  between  swallows  and 
sparrows;  while  English  entomologists  will  best  understand  the  case 
by  supposing  that  a  species  of  Pieris  in  this  country  was  colored  and 
shaped  like  a  small  tortoise-shell,  while  another  species  on  the  Con- 
tinent was  equally  like  a  Camberwell  beauty, —  so  like  in  both  cases 
as  to  be  mistaken  when  on  the  wing,  and  the  difference  only  to  be 
detected  by  close  examination.  As  an  example  of  the  resemblance, 
illustrations  are  given  of  one  pair  in  which  the  colors  are  simple, 
being  olive,  yellow,  and  black,  while  the  very  distinct  neuration  of  the 
wings  atid  form  of  the  head  and  body  can  be  easily  seen. 

Besides  these  Pieridce,  Mr.  Bates  found  four  true  Papilios,  seven 
Erycinidoe.  three  Castnias  (a  genus  of  day-flying  moths),  and  fourteen 
species  of  diurnal  Bombycidce,  all  imitating  some  species  of  ffeliconidcv 
which  inhabited  the  same  district;  and  it  is  to  be  especially  noted 
that  none  of  these  insects  were  so  abundant  as  the  Heliconidce  the}- 
resembled,  generally  they  were  far  less  common,  so  that  Mr.  Bates 

*  See  Transactions  of  the  Linnean  Society,  vol.  zziii.  pp.  495-566,  colored  plates. 

163 


174 


BEACON  LIGHTS  OF  SCIENCE. 


estimated  the  proportion  in  some  cases  as  not  one  to  a  thousand. 
Before  giving  an  account  of  the  numerous  remarkable  cases  of  mimicry 
in  other  parts  of  the  world,  and  between  various  groups  of  insects  and 
of  higher  animals,  it  will  be  well  to  explain  briefly  the  use  and  purport 
of  the  phenomenon,  and  also  the  mode  by  which  it  has  been  brought 
about. 

How  Mimicry   has   been  Produced. 

The  fact  has  been  now  established  that  the  Heliconidce  possess  an 
offensive  odor  and  taste,  which  lead  to  their  being  almost  entirely  free 
from  attack  by  insectivorous  creatures ;  they  possess  a  peculiar  form 


PlO.  23. —  Methoua  psidii  (Heliconidse). — Leptalis  orise  (Pieridse). 

mode  of  flight,  and  do  not  seek  concealment ;  while  their  colors 
— although  very  varied,  ranging  from  deep  blue-black,  with  white,  yel- 
low, or  vivid  red  bands  and  spots,  to  the  most  delicate  semitransparent 
wings  adorned  with  pale  brown  or  yellow  markings — and  yet  always 
very  distinctive,  and  unlike  those  of  all  the  other  families  of  butterflies 
in  the  same  country.  It  is,  therefore,  clear  that  if  any  other  butter- 
flies in  the  same  region,  which  are  eatable  and  suffer  great  persecution 
from  insectivorous  animals,  should  come  to  resemble  any  of  these 
uneatable  species  so  closely  as  to  be  mistaken  for  them  by  their  enemies, 
they  will  obtain  thereby  immunity  from  persecution.  This  is  the  ob- 
vious and  sufficient  reason  why  the  imitation  is  useful,  and  therefore 
why  it  occurs  in  Nature.  We  have  now  to  explain  how  it  has  probably 
been  brought  about,  and  also  why  a  still  larger  number  of  persecuted 
groups  have  not  availed  themselves  of  this  simple  m«an«  of  protection. 
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From  the  groat  abundance  of  the  Heliconidce*  all  over  tropical 
America,,  the  vast  number  oi  tiieir  genera  and  species,  and  their  marked 
distinctions  from  all  other  butterflies,  it  follows  that  they  constitute  a 
group  of  high  antiquity,  which  in  the  course  of  ages  has  become  more 
and  more  specialized,  and  owing  to  its  peculiar  advantages  has  now 
become  a  dominant  and  aggressive  race.  But  when  they  first  arose 
from  some  ancestral  species  or  group  which,  owing  to  the  food  of  the 
larvae  or  some  other  cause,  possessed  disagreeable  juices  that  caused 
them  to  be  disliked  by  the  usual  enemies  of  their  kind,  they  were  in 
all  probability  not  very  different  either  in  form  or  coloration  from  many 
other  butterflies.  They  would  at  that  time  be  subject  to  repeated 
attacks  by  insect-eaters,  and,  even  if  finally  rejected,  would  often  receive 
a  fatal  injury.  Hence  arose  the  necessity  for  some  distinguishing  mark 
by  which  the  devourers  of  butterflies  in  general  might  learn  that  these 
particular  butterflies  were  uneatable ;  and  every  variation  leading  to 
sucb  distinction,  whether  by  form,  color,  or  mode  of  flight,  was 
preserved  and  accumulated  by  natural  selection,  till  the  ancestral 
Heliconoids  became  well  distinguished  from  eatable  butterflies,  and 
thenceforth  comparatively  free  from  persecution.  Then  they  had  a 
good  time  of  it.  They  acquired  lazy  habits,  and  flew  about  slowly. 
They  increased  abundantly  and  spread  all  over  the  country,  their  larvae 
feeding  on  many  plants  and  acquiring  different  habits;  while  the 
buttei-flies  themselves  varied  greatly,  and  color  being  useful  rather 
than  injurious  to  them,  gradually  diverged  into  the  many  colored  and 
beautifully  varied  forms  we  now  behold. 

But,  during  the  early  stages  of  this  process,  some  of  the  Pieridce, 
inhabiting  the  same  district,  happened  to  be  sufficiently  like  some  of 
the  Heliconidce  to  be  occasionally  mistaken  for  them.  These,  of  course, 
siirvived  while  their  companions  were  devoured.  Those  among  their 
descendants  that  were  still  more  like  Heliconidce  again  survived,  and 
at  length  the  imitation  would  becume  tolerably  perfect.  Thereafter, 
as  the  protected  group  diverged  into  distinct  species  of  many  different 
colors,  the  imitative  group  would  occasionally  be  able  to  follow  it  with 
similar  variations, —  a  process  that  is  going  on  now,  for  Mr.  Bates 
informs  us  that  in  each  fresh  district  he  visited  he  found  closely  allied 
representative  species  or  varieties  of  HeliconidcB,  and  along  with  them 
species  of  Leptalis  (Pieridce),  which  had  varied  in  the  same  way  so  as 
still  to  be  exact  imitations.  But  this  process  of  imitation  would  be 
subject  to  check  by  the  increasing  acuteness  of  birds  and  other  animals 
which,  whenever  the  eatable  Leptalis  became  numerous,  would  surely 
find  them  out,  and  would  then  probably  attack  both  these  and  their 
friends  the  Heliconidce  in  order  to  devour  the  former  and  reject  the 
latter.  The  Pieridce  would,  however,  usually  be  less  numerous,  be- 
cause their  larvse  are  often  protectively  colored  and  therefore  edible, 
while  the  larvse  of  the  Heliconidce  are  adorned  with  warning  colors, 
spines,  or  tubercles,  and  are  uneatable.  It  seems  probable  that  the 
larvse  and  pupse  of  the  Heliconidce  were  the  first  to  acquire  the  protect- 
ive distastefulness,  both  because  in  this  stage  they  are  more  defense- 
less and  more  liable  to  fatal  injury,  and  also  because  we  now  find  many 
instances  in  which  the  larvae  are  distasteful  while  the  perfect  insects 
are  eatable,  but  I  believe  none  in  which  the  reverse  is  the  case.  The 

*  These  butterflies  are  now  divided  into  two  sub-families,  one  of  which  is 
placed  with  the  Danaidce;  but  to  avoid  confusion  I  shall  always  speak  of  the 
American  genera  under  the  old  term  Heliconidce. 
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larvae  of  the  Pieridce  are  now  beginning  to  acquire  offensive  juices, 
but  have  not  yet  obtained  the  corresponding  conspicuous  colors ;  whil« 
the  perfect  insects  remain  eatable,  except  perhaps  in  some  Eastern 
groups,  the  under  sides  of  whose  wings  are  brilliantly  colored  although 
this  is  the  part  which  is  exposed  when  at  rest. 

It  is  clear  that  if  a  large  majority  of  the  larvae  of  Lepidoptera,  as 
well  as  the  perfect  insects,  acquired  these  distasteful  properties,  so  ae 
seriously  to  diminish  the  food  supply  of  insectivorous  and  nestling 
birds,  these  latter  would  be  forced  by  necessity  to  acquire  correspond- 
ing tastes,  and  to  eat  with  pleasure  what  some  of  them  now  eat  only 
under  pressure  of  hunger ;  and  variation  and  natural  selection  would 
soon  bring  about  this  change. 

Many  writers  have  denied  the  possibility  of  -such  wonderful  resem- 
blances being  produced  by  the  accumulation  of  fortuitous  variations, 
but  if  the  reader  will  call  to  mind  the  large  amount  of  variability  that 
has  been  shown  to  exist  in  all  organisms,  the  exceptional  power  of 
rapid  increase  possessed  by  insects,  and  the  tremendous  struggle  for 
existence  always  going  on,  the  difficulty  will  vanish,  especially  when 
we  remember  that  Nature  has  the  same  fundamental  groundwork  to 
act  upon  in  the  two  groups  —  general  similarity  of  forms,  wings  of 
similar  texture  and  outline,  and  probably  some  original  similarity  of 
color  and  marking.  Yet  there  is  evidently  considerable  difficulty  in 
the  process,  or  with  these  great  resources  at  her  command  Nature  would 
have  produced  more  of  these  mimicking  forms  than  she  has  done.  One 
reason  of  this  deficiency  probably  is  that  the  imitaters,  being  always 
fewer  in  number,  have  not  been  able  to  keep  pace  with  the  variations 
of  the  much  more  numerous  imitated  form ;  another  reason  may  be  the 
ever-increasing  acuteness  of  the  enemies,  which  have  again  and  again 
detected  the  imposture  and  exterminated  the  feeble  race  before  it  has 
had  time  to  become  further  modified.  The  result  of  this  growing 
acuteness  of  enemies  has  been  that  those  mimics  that  now  survive 
exhibit,  as  Mr.  Bates  well  remarks,  "a  palpably  intentional  likeness 
that  is  perfectly  staggering,"  and  also  "that  those  features  of  the  por- 
trait are  most  attended  to  by  Nature  which  produce  the  most  effective 
deception  when  the  insects  are  seen  in  Nature."  No  one,  in  fact,  can 
understand  the  perfection  of  the  imitation  who  has  not  seen  these 
species  in  their  native  wilds.  So  complete  is  it  in  general  effect  that 
in  almost  every  box  of  butterflies  brought  from  tropical  America  by 
amateurs  are  to  be  found  some  species  of  the  mimicking  Pieridce, 
JErycinidce,  or  moths,  and  the  mimicked  Jfeliconidce,  placed  together 
under  the  impression  that  they  are  the  same  species.  Yet  more  extra- 
ordinary, it  sometimes  deceives  the  very  insects  themselves.  Mr. 
Trimen  states  that  the  male  Danais  chrysippus  is  sometimes  deceived 
by  the  female  Diadema  bolina,  which  mimics  that  species.  Dr.  Fritz 
Muller,  writing  from  Brazil  to  Professor  Meldola,  says:  "One  of  the 
most  interesting  of  our  mimicking  butterflies  is  Leptalis  melite.  The 
female  alone  of  this  species  imitates  one  of  our  common  white  Pieridce, 
which  she  copies  so  well  that  even  her  own  male  is  often  deceived ;  for 
I  have  repeatedly  seen  the  male  pursuing  the  mimicked  species,  till, 
after  closely  approaching  and  becoming  aware  of  his  error,  he  suddenly 
returned."*  This  is  evidently  not  a  case  of  true  mimicry,  since  the 
species  imitated  is  not  protected ;  but  it  may  be  that  the  less  abundant 

*  E.  Meldola  in  Ann.  and  Mag.  of  Nat.  Hist.,  Feb.  1878,  p.  158. 
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is  able  to  mingle  with  the  female  Pieridoe  and  thus  obtain 
partial  immunity  from  attack.  Mr.  Kirby,  of  the  insect  department  of 
the  British  Museum,  informs  me  that  there  are  several  gpecies  of  South 
American  Pieridce  which  the  female  Leptalis  melite  very  nearly  resem- 
bles. The  case,  however,  is  interesting,  as  showing  that  the  butterflies 
are  themselves  deceived  by  a  resemblance  which  is  not  so  great  as  that 
of  some  mimicking  species. 

Other  Examples   of  Mimicry  among  Lepidoptera. 

In  tropical  Asia,  and  eastward  to  the  Pacific  Islands,  the  Danaidos 
take  the  place  of  the  Heliconidce  of  America,  in  their  abundance,  their 
conspicuousness,  their  slow  flight,  and  their  being  the  subjects  of 
mimicry.  They  exist  under  three  principal  forms  or  genera.  The 
genus  Euplaea  is  the  most  abundant  both  in  species  and  individuals, 


Pio.  24. — Opthalmis  lineea  (Agaristidse). —  Artaxa  simulans  (Liparidse). 

and  consists  of  fine  broad-winged  butterflies  of  a  glossy  or  metallic 
blue-black  color,  adorned  with  pure  white  or  rich  blue  or  dusky  mark- 
ings situated  round  the  margins  of  the  wings.  Danais  has  generally 
more  lengthened  wings,  of  a  semitransparent  greenish  or  a  rich  brown 
color,  with  radial  or  marginal  pale  spots ,  while  the  fine  Hestias  are  of 
enormous  size,  of  a  papery  or  semitransparent  white  color,  with  dusky 
or  black  spots  and  markings.  Each  of  these  groups  is  mimicked  by 
various  species  of  the  genus  Papilio,  usually  with  such  accuracy  that 
it  is  impossible  to  distinguish  them  on  the  wing.*  Several  species  of 
Diadema,  a  genus  of  butterflies  allied  to  our  Vanessas,  also  mimic 
species  of  Danais,  but  in  this  case  the  females  only  are  affected,  a  sub- 
ject which  will  be  discussed  in  another  chapter. 

Another  protected  group  in  the  Eastern  tropics  is  that  of  the 
beautiful  day-flying  moths  forming  the  family  Agaristidce.  These  are 
usually  adorned  with  the  most  brilliant  colors  or  conspicuous  markings, 
they  fly  slowly  in  forests  among  the  butterflies  and  other  diurnal 
insects,  and  their  great  abundance  sufficiently  indicates  their  possession 
of  some  distastefulness  which  saves  them  from  attack.  Under  these 

*  See  Trans.  Linn.  Soc.,  vol.  xrv. — Wallace,  on  Variation  of  Malayan  Papil- 
ionidae;  and  Wallace's  Contribution   to  Natural  Selection,  chaps,  jii.  »nd  JV.f 
fnll  details  are  given, 
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conditions  we  may  expect  to  find  other  moths  which  are  not  BO  pro- 
tected imitating  them,  and  this  is  the  case.  One  of  the  common  and 
wide-ranging  species  (Opthalmis  linced),  found  in  the  islands  from 
Amboyna  to  New  Ireland,  is  mimicked  in  a  wonderful  manner  by  one 
of  the  LiparidcB  (the  family  to  which  our  common  "  tussock "  and 
"vaporer"  moths  belong).  This  is  a  new  species  collected  at  Amboyna 
during  the  voyage  of  the  Challenger,  and  has  been  named  Artaxa 
simulans.  Both  insects  are  black,  with  the  apex  of  the  fore  wings 
ochre-colored,  and  the  outer  half  of  the  hind  wings  bright  orange. 
The  accompanying  illustrations  (for  the  use  of  which  I  am  indebted 
to  Mr.  John  Murray  of  the  Challenge?  Office)  will  exhibit  their  striking 
resemblance  to  each  other. 

In  Africa  exactly  similar  phenomena  recur,  species  of  Papilio  and 
of  Diadema  mimicking  Danaidce  or  Acrceidce  with  the  most  curious 
accuracy.  Mr.  Trimen,  who  studied  this  subject  in  South  Africa,  has 
recorded  eight  species  or  varieties  of  Diadema,  and  eight  of  Papilio, 
which  each  mimic  some  species  of  Danais;  while  eight  species  or 
varieties  of  Panopcea  (another  genus  of  Nymphalidoe),  three  of 
Melanitis  (Eurytelid<K\  and  two  of  Papilio.  resemble  with  equal 
accuracy  some  species  of  Acrcea*  He  has  also  independently  ob- 
served the  main  facts  on  which  the  explanation  of  the  phenomenon 
rests, —  the  unpleasant  odor  of  the  Danais  and  Acrcea,  extending  to 
their  larvse  and  pupse ;  their  great  abundance,  slow  flight,  and  dis- 
regard of  concealment ;  and  he  states  that  while  lizards,  mantidse,  and 
dragonflies  all  hunt  butterflies,  and  the  rejected  wings  are  to  be  found 
abundantly  at  some  of  their  feeding-places,  those  of  the  two  genera 
Danais  and  Acrcea  were  never  among  them. 

The  two  groups  of  the  great  genus  Papilio  (the  true  swallow-tailed 
butterflies)  which  have  been  already  referred  to  as  having  the  special 
characteristics  of  uneatable  insects  have  also  their  imitaters  in  other 
groups ;  and  thus,  the  belief  in  their  inedibility- — derived  mainly  from 
their  style  of  warning  coloration  and  their  peculiar  habits — is  con- 
firmed. In  South  America,  several  species  of  the  "Eneas'"  group  of 
these  butterflies  are  mimicked  by  Pierictce  and  by  day-flying  moths  of 
the  genera  Castnia  and  Pericopis.  In  the  East,  Papilio  hector, 
P.  diphilus,  and  P.  liris,  all  belonging  to  the  inedible  group,  are 
mimicked  by  the  females  of  other  species  of  Papilio  belonging  to 
very  distinct  groups ;  while  in  Northern  India  and  China  many  fine 
day-flying  moths  (Epicopeia}  have  acquired  the  strange  forms  and 
peculiar  colors  of  some  of  the  large  inedible  Papilios  of  the  same 
regions. 

In  North  America  the  large  and  handsome  Danais  archippus,\fii\i 
rich  reddish-brown  wings,  is  very  common  ;  and  it  is  closely  imitated 
by  Limenitis  misippus,  a  butterfly  allied  to  our  "  white  admiral,"  but 
which  has  acquired  a  color  quite  distinct  from  that  of  the  great  bulk 
of  its  allies.  In  the  same  country  there  is  a  still  more  interesting- 
case.  The  beautiful  dark  bronzy-green  butterfly,  Papilio  philenor,  is 
inedible  both  in  larva  and  perfect  insect,  and  it  is  mimicked  by  the 
equally  dark  Limenitis  ursula.  There  is  also  in  the  Southern  and 
Western  States  a  dark  female  form  of  the  yellow  Papilio  turnus, 
which  in  all  probability  obtains  protection  from  its  general  resem- 
blance to  P.  philenor.  Mr.  W.  H.  Edwards  has  found,  by  extensive 

"See  Trans.  Linn.  Soc.,  vol.  xxvi.,  with  two  colored  plates  illustrating  cases 
of  mimicry. 
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experiment,  that  both  the  dark  and  yellow  females  produce  their  own 
kinds,  with  very  few  exceptions ;  and  he  thinks  that  the  dark  form 
has  the  advantage  in  the  more  open  regions  and  in  the  prairies,  where 
insectivorous  birds  abound.  But  in  open  country  the  dark  form 
would  be  quite  as  conspicuous  as  the  yellow  form,  if  not  more  so,  so 
that  the  resemblance  to  an  inedible  species  would  be  there  more 
needed.* 

The  only  probable  case  of  mimicry  in  this  country  is  that  of  the 
moth  Diaphora  mendica,  whose  female  only  is  white,  while  the  larva 
is  of  protective  colors,  and  therefore  almost  certainly  edible.  A  much 
more  abundant  moth,  of  about  the  same  size  and  appearing  about  the 
same  time,  is  Spilosoma  menthrasti,  also  white,  but  in  this  case  both 
it  and  its  larva  have  been  proved  to  be  inedible.  The  white  color  of 
the  female  Diaphora,  although  it  must  be  very  conspicuous  at  night, 
may  therefore  have  been  acquired  in  order  to  resemble  the  uneatable 
Spilosoma,  and  thus  gain  some  protection,  f 

Mimicry  among  Protected  (Uneatable)  Genera. 

Before  giving  some  account  of  the  numerous  other  cases  of  warning 
colors  and  of  mimicry  that  occur  in  the  animal  kingdom,  it  will  be 
well  to  notice  a  curious  phenomenon  which  long  puzzled  entomologists, 
but  which  has  at  length  received  a  satisfactory  explanation. 

We  have  hitherto  considered  that  mimicry  could  only  occur  when  a 
comparatively  scarce  and  much  persecuted  species  obtained  protection 
by  its  close  external  resemblance  to  a  much  more  abundant  uneatable 
species  inhabiting  its  own  district ;  and  this  rule  undoubtedly  prevails 
among  the  great  majority  of  mimicking  species  all  over  the  world.  But 
Mr.  Bates  also  found  a  number  of  pairs  of  species  of  different  genera  of 
Heliconidce  which  resembled  each  other  quite  as  closely  as  did  the 
other  mimicking  species  he  has  described  ;  and  since  all  these  insects 
appear  to  be  equally  protected  by  their  inedibility,  and  to  be  equally 
free  from  persecution,  it  was  not  easy  to  see  why  this  curious  resem- 
blance existed,  or  how  it  had  been  brought  about.  That  it  is  not  due 
to  close  affinity  is  shown  by  the  fact  that  the  resemblance  occurs  most 
frequently  between  the  two  distinct  sub-families  into  which  (as  Mr. 
Bates  first  pointed  out)  the  Heliconidce  are  naturally  divided  on 
account  of  very  important  structural  differences.  One  of  these  sub- 
families (the  true  Heliconince}  consists  of  two  genera  only,  JSeliconius 
and  JSueides,  the  other  (the  Danaoid  Heliconince)  of  no  less  than 
sixteen  genera;  and,  in  the  instances  of  mimicry  we  are  now  dis- 
cussing, one  of  the  pairs  or  triplets  that  resemble  each  other  is 
usually  a  species  of  the  large  and  handsome  genus  Heliconius,  the 
others  being  species  of  the  genera  Mechanitis,  Melincea,  or  Tithorea, 
though  several  species  of  other  Danaoid  genera  also  imitate  each  other. 
The  following  lists  will  give  some  idea  of  the  number  of  these  curious 
imitative  forms,  and  of  their  presence  in  every  part  of  the  Neotropical 
area.  The  bracketed  species  are  those  that  resemble  each  other  so 
closely  that  the  difference  is  not  perceptible  when  they  are  on  the 
wing. 

*  Edwards's  Butterflies  of  North  America,  second  series,  part  vi. 

f  Professor  Meldola  informs  me  that  he  has  recorded  another  case  of  mimicry 
among  British  moths,  in  which  Acidalia  subsericata  imitates  Asthena  candidate. 
See  Ent.  Mo.  Mag.,  vol.  iv.  p.  163. 
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In  the  Lower  Amazon  region  are  found  — 

<  Heliconius  sylvana. 
I  Melinsea  egina. 

(  Heliconius  numata. 
}  Melinaea  mneme. 
(  Tithorea  harmonia. 

<  Methona  psidii. 
I  Thyridia  ino. 

<  Ceratina  ninonia. 
\  Melinaea  nmasias. 

In  Central  America  are  found  — 

(  Heliconius  zuleika. 
Nicaragua-?  Mel  mesa  hezia. 
(  Mechanitis  sp. 

<  Heliconius  fonnosus. 
\  Tithorea  penthias. 

Heliconius  telchina. 


In  the  Upper  Amazon  region  — 

(  Heliconius  pardalinus. 
(  Melinaea  pardalis. 

(  Heliconius  aurora. 
\  Melineea  lucif  er. 

In  New  Granada  — 

<  Heliconius  istuenius. 
\  Melinaea  messatis. 

SHelieonius  messene. 
Melinsea   mesenina. 
(?)  Mechanitis  sp. 

5  Heliconius  hecalesia. 
I  Tithorea  hecalesina. 

<  Heliconius  hecuba. 
I  Tithorea  bonplandi. 

In  Eastern  Peru  and  Bolivia  — 

(  Heliconius  aristona. 

<  Melinasa  c^dippe. 

(  (?)  Mechanitis  mothone. 

In  Pernambnco  — 

(  Heliconius  ethra. 
\  Mechanitis  neseea. 

In  Bio  Janeiro— 

<  Heliconius  eucrate. 

I  Mechanitis  lysimnia. 

In  South  Brazil  — 


megisto. 
(  Ituna  ilione. 

Acraea  thalia. 
Eueides  pavana. 

Besides  these  a  number  of  species  of  Ithomia  sand  Jfctpeogenes,  and 
of  Napeogenes  and  Mechanitis,  resemble  each  other  with  equal  accu- 
racy, so  that  they  are  liable  to  be  mistaken  for  each  other  when  on 
the  wing  ;  and  no  doubt  many  other  equally  remarkable  cases  are  yet 
unnoticed. 
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The  figures  below  of  the  fore  and  hind  wings  of  two  of  these 
mimicking  species,  from  Dr.  Fritz  Miiller's  original  paper  in  JZosmos, 
will  serve  to  show  the  considerable  amount  of  difference  in  the  import- 
ant character  of  the  neuration  of  the  wings  between  these  butterflies, 
which  really  belong  to  very  distinct  and  not  at  all  closely  allied  genera. 
Other  important  characters  are — (1)  The  existence  of  a  small  basal  cell 
in  the  hind  wings  of  Ituna  which  is  wanting  in  Thyridia;  (2)  the  divis- 
ion of  the  cell  between  the  veins  16  and  2  of  the  hind  wings  in  the 
former  genus,  while  it  is  undivided  in  the  latter ;  and  (3)  the  existence 
in  Thyridia  of  scent-producing  tufts  of  hair  on  the  upper  edge  of  the 
hind  wing,  while  in  Ituna  these  are  wanting ;  but  in  place  of  them  are 
extensible  processes  at  the  end  of  the  abdomen,  also  emitting  a  power- 
ful scent.  These  differences  characterize  two  marked  subdivisions  of 
the  Danaoid Heliconince,  each  containing  several  distinct  genera;  and 
these  subdivisions  are  further  distinguished  by  very  different  forms  of 
larvae,  that  to  which  Ituna  belongs  having  from  two  to  four  long 
threadlike  tentacles  on  the  back,  while  in  that  containing  Thyridia 
these  are  always  absent.  The  former  usually  feed  on  Asclepiadece^ 
the  latter  on  Solanacece  or  Scrophulariacece. 


FIG.  25.— Wings  of  Ituna  Ilione. 


Wings  of  Thyridia  megisto. 


The  two  species  figured,  though  belonging  to  such  distinct  and  even 
remote  genera,  have  acquired  almost  identical  tints  and  markings  so 
as  be  deceptively  alike.  The  surface  of  the  wings  is,  in  both,  trans- 
parent yellowish,  with  black  transverse  bands  and  white  marginal  spots, 
while  both  have  similar  black-and-white  marked  bodies  and  long  yellow 
antennae.  Dr.  Miiller  states  that  they  both  show  a  preference  for  the 
same  flowers  growing  on  the  edges  of  the  forest  paths.* 

"We  will  now  proceed  to  give  the  explanation  of  these  curious 
similarities,  which  have  remained  a  complete  puzzle  for  twenty  years. 
Mr.  Bates,  when  first  describing  them,  suggested  that  they  might  be 
due  to  some  form  of  parallel  variation  dependent  on  climatic  in- 
fluences; and  I  myself  adduced  other  cases  of  coincident  local 
modifications  of  color,  which  did  not  appear  to  be  explicable  by  any 
form  of  mimicry,  t  But  we  neither  of  us  hit  upon  the  simple 
explanation  given  by  Dr.  Fritz  Miiller  in  1879.  

*  From  Professor  Meldola's  translation  of  Dr.  Fritz  Mullet's  paper,  in  Proc. 
Ent.  Soe.  Lond.,  1879,  p.  xx.  t  I'lawi  Life,  p.  265. 
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His  theory  is  founded  on  the  assumed  but  probable  fact  that 
insect-eating  birds  only  learn  by  experience  to  distinguish  the  edible 
from  the  inedible  butterflies,  and  in  doing  so  necessarily  sacrifice  a 
certain  number  of  the  latter.  The  quantity  of  insectivorous  birds  in 
tropical  America  is  enormous ;  and  the  number  of  young  birds  which 
every  year  have  to  learn  wisdom  by  experience,  as  regards  the  species 
of  butterflies  to  be  caught  or  to  be  avoided,  is  so  great  that  the  sacri- 
fice of  life  of  the  inedible  species  must  be  considerable,  and,  to  a 
comparatively  weak  or  scarce  species,  of  vital  importance.  The  number 
thus  sacrificed  will  be  fixed  by  the  quantity  of  young  birds,  and  by  the 
number  of  experiences  requisite  to  cause  them  to  avoid  the  inedible 
species  for  the  future,  and  not  at  all  by  the  numbers  of  individuals  of 
which  each  species  consists.  Hence,  if  two  species  are  so  much  alike 
as  to  be  mistaken  for  one  another,  the  fixed  number  annually  sacrificed 
by  inexperienced  birds  will  be  divided  between  them,  and  both  will 
benefit.  But  if  the  two  species  a,*e  very  unequal  in  numbers,  the 
benefit  will  be  comparatively  slight  for  the  more  abundant  species,  but 
very  great  for  the  rare  one.  To  the  latter  it  may  make  all  the  difference 
between  safety  and  destruction. 

To  give  a  rough  numerical  example.  Let  us  suppose  that  in  a 
given  limited  district  there  are  two  species  of  JETeliconidce,  one  con- 
sisting of  only  1000,  the  other  of  100,000  individuals,  and  that  the  quota 
required  annually  in  the  same  district  for  the  instruction  of  young 
insectivorous  birds  is  500.  By  the  larger  species  this  loss  will  be 
hardly  felt;  to  the  smaller  it  will  mean  the  most  dreadful  persecution, 
resulting  in  a  loss  of  half  the  population.  But,  let  the  two  species 
become  superficially  alike,  so  that  the  birds  see  no  difference  between 
them.  The  quota  of  500  will  now  be  taken  from  a  combined  popula- 
tion of  101,000  butterflies,  and  if  proportionate  numbers  of  each  suffer, 
then  the  weak  species  will  only  lose  five  individuals  instead  of  500  as 
it  did  before.  Now  we  know  that  the  different  species  of  HeliconidoB 
are  not  equally  abundant,  some  being  quite  rare ;  so  that  the  benefit  to 
be  derived  in  these  cases  would  be  very  important.  A  slight  inferiority 
in  rapidity  of  flight  or  in  powers  of  eluding  attack  might  also  be  a 
cause  of  danger  to  an  inedible  species  of  scanty  numbers,  and  in  this 
case  too  the  being  merged  in  another  much  more  abundant  species,  by 
similarity  of  external  appearance,  would  be  an  advantage. 

The  question  of  fact  remains — Do  young  birds  pursue  and  capture 
these  distasteful  butterflies  till  they  have  learned  by  bitter  experience 
what  species  to  avoid  ?  On  this  point  Dr.  Muller  has  fortunately  been 
able  to  obtain  some  direct  evidence,  by  capturing  several  Acrceas  and 
HeliconidoB  which  had  evidently  been  seized  by  birds  but  had  after- 
wards escaped,  as  they  had  pieces  torn  out  of  the  wing,  sometimes 
symmetrically  out  of  both  wings,  showing  that  the  insect  had  been 
seized  when  at  rest  and  with  the  two  pairs  of  wings  in  contact.  There 
is,  however,  a  general  impression  that  this  knowledge  is  hereditary, 
and  does  not  need  to  be  acquired  by  young  birds, —  in  support  of 
which  veiw  Mr.  Jenner  Weir  states  that  his  birds  always  disregarded 
inedible  caterpillars.  When,  day  by  day,  he  threw  into  his  aviary 
various  larvae,  those  which  were  edible  were  eaten  immediately,  those 
which  were  inedible  were  no  more  noticed  than  if  a  pebble  had  been 
thrown  before  the  birds. 

The  cases,  however,  are  not  strictly  comparable.  The  birds  were  not 
young  birds  of  the  first  year ;  and,  what  is  more  important,  edible  larvae 
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have  a  comparatively  simple  coloration,  being  always  brown  or  green 
and  smooth.  Uneatable  larvae,  on  the  other  hand,  comprise  all  that  are 
of  conspicuous  colors  and  are  hairy  or  spiny.  But  with  butterflies 
there  is  no  such  simplicity  of  contrast.  The  eatable  butterflies  com- 
prise not  only  brown  or  white  species,  but  hundreds  of  Nymphalidce 
Papilionidce,  Lycoenidae,  etc.,  which  are  gaily  colored  and  of  an 
immense  variety  of  patterns.  The  colors  and  patterns  of  the  inedible 
kinds  are  also  greatly  varied,  while  they  are  often  equally  gay ;  and  it 
is  quite  impossible  to  suppose  that  any  amount  of  instinct  or  inherited 
habit  (if  such  a  thing  exists)  could  enable  young  insectivorous  birds  to 
distinguish  all  the  species  of  one  kind  from  all  those  of  the  other. 
There  is  also  some  evidence  to  show  that  animals  do  learn  by  expe- 
ri_'nce  what  to  eat  and  what  to  avoid.  Mr.  Poulton  was  assured  by 
Rev.  G.  J.  Bursch  that  very  young  chickens  peck  at  insects  which  they 
afterwards  avoid.  Lizards,  too,  often  seized  larvae  which  they  were 
unable  to  eat  and  ultimately  rejected. 

Although  the  Heliconidce  present,  on  the  whole,  many  varieties  of 
coloration  and  pattern,  yet,  in  proportion  to  the  number  of  distinct 
species  in  each  district,  the  types  of  coloration  are  few  and  very  well 
marked,  and  thus  it  becomes  easier  for  a  bird  or  other  animal  to  learn 
that  all  belonging  to  such  types  are  uneatable.  This  must  be  a  decided 
advantage  to  the  family  in  question,  because,  not  only  do  fewer  in- 
dividuals of  each  species  need  to  be  sacrificed  in  order  that  their 
enemies  may  learn  the  lesson  of  their  inedibility,  but  they  are  more 
easily  recognized  at  a  distance,  and  thus  escape  even  pursuit.  There 
is  thus  a  kind  of  mimicry  between  closely  allied  species  as  well  as 
between  species  of  distinct  genera,  all  tending  to  the  same  beneficial 
end.  This  may  be  seen  in  the  four  or  five  distinct  species  of  the 
genus  Heliconius  which  all  have  the  same  peculiar  type  of  coloration 
— a  yellow  band  across  the  upper  wings  and  radiating  red  stripes  on 
the  lower, —  and  are  all  found  in  the  same  forests  of  the  Lower 
Amazon ;  in  the  numerous  very  similar  species  of  Ithomia  with  trans- 
parent wings,  found  in  every  locality  of  the  same  region ;  and  in  the 
very  numerous  species  of  Papilio  of  the  "^Eneas  "  group,  all  having  a 
similar  style  of  marking,  the  resemblance  being  especially  close  in 
the  females.  The  very  uniform  type  of  coloring  of  the  blue-black 
Euplazas  and  of  the  fulvous  Acrceas  is  of  the  same  character.*  In  all 
these  cases  the  similarity  of  the  allied  species  is  so  great,  that,  when 
they  are  on  the  wing  at  some  distance  off,  it  is  difficult  to  distinguish 
one  species  from  another.  But  this  close  external  resemblance  is  not 
always  a  sign  of  very  near  affinity ;  for  minute  examination  detects 
differences  in  the  form  and  scalloping  of  the  wings,  in  the  markings 
on  the  body,  and  hi  those  on  the  under  surface  of  the  wings,  which  do 
not  usually  characterize  the  closest  allies.  It  is  to  be  further  noted 
that  the  presence  of  groups  of  very  similar  species  of  the  same  genus 
in  one  locality  is  not  at  all  a  common  phenomenon  among  unprotected 
groups.  Usually  the  species  of  a  genus  found  in  one  locality  are  each 
well  marked  and  belong  to  somewhat  distinct  types,  while  the  closely 
allied  forms — those  that  require  minute  examination  to  discriminate 
them  as  distinct  species — are  most  generally  found  in  separate  areas, 
and  are  what  are  termed  representative  forms. 

*  This  extension  of  the  theory  of  mimicry  was  pointed  out  by  Professor  Meldola 
in  the  paper  already  referred  to ;  and  he  has  answered  the  objections  to  Dr.  Fritz 
Muller's  theory  with  great  force  in  the  Annals  and  Mag.  of  Nat.  Hist.,  1882,  p.  417, 

173 


184  BEACON  LIGHTS  OF  SCIENCE. 

The  extension  we  have  now  given  to  the  theory  of  mimicry  is 
important,  since  it  enables  us  to  explain  a  much  wider  range  of  color 
phenomena  than  those  which  were  first  imputed  to  mimicry.  It  is 
in  the  richest  butterfly  region  in  the  world — the  Amazon  valley — 
that  we  find  the  most  abundant  evidence  of  the  three  distinct  sets  of 
facts,  all  depending  on  the  same  general  principle.  The  form  of 
mimicry  first  elucidated  by  Mr.  Bates  is  characterized  by  the  presence 
in  each  locality  of  certain  butterflies,  or  other  insects,  themselves 
edible  and  belonging  to  edible  groups,  which  derived  protection  from 
having  acquired  a  deceptive  resemblance  to  some  of  the  inedible 
butterflies  in  the  same  localities,  which  latter  were  believed  to  be 
wholly  free  from  the  attacks  of  insectivorous  birds.  Then  came  the 
extension  of  the  principle,  by  Dr.  F.  Muller,  to  the  case  of  species  of 
distinct  genera  of  the  inedible  butterflies  resembling  each  other  quite 
as  closely  as  in  the  former  cases,  and  like  them  always  found  in 
the  same  localities.  They  derive  mutual  benefit  from  becoming,  in 
appearance,  one  species,  from  which  a  certain  toll  is  taken  annually  to 
teach  the  young  insectivorous  birds  that  they  are  uneatable.  Even 
wh  en  the  two  or  more  species  are  approximately  equal  in  numbers 
they  each  derive  a  considerable  benefit  from  thus  combining  their 
forces ;  but  when  one  of  the  species  is  scarce  or  verging  on  extinc- 
tion, the  benefit  becomes  exceedingly  great,  being,  in  fact,  exactly 
apportioned  to  the  need  of  the  species. 

The  third  extension  of  the  same  principle  explains  the  grouping  of 
allied  species  of  the  same  genera  of  inedible  butterflies  into  sets,  each 
having  a  distinct  type  of  coloration,  and  each  consisting  of  a  number 
of  species  which  can  hardly  be  distinguished  on  the  wing.  This  must 
be  useful  exactly  in  the  same  way  as  in  the  last  case,  since  it  divides 
the  inevitable  toll  to  insectivorous  birds  and  other  animals  among  a 
number  of  species.  It  also  explains  the  fact  of  the  great  similarity  of 
many  species  of  inedible  insects  in  the  same  locality — a  similarity 
which  does  not  obtain  to  anything  like  the  same  extent  among  the 
edible  species.  The  explanation  of  the  various  phenomena  of  resem- 
blance and  mimicry,  presented  by  the  distasteful  butterflies,  may  now 
be  considered  tolerably  complete. 

Mimicry  in   other  Orders  of  Insects. 

A  very  brief  sketch  of  these  phenomena  will  be  given,  chiefly  to 
show  that  the  same  principle  prevails  throughout  Nature,  and  that, 
wherever  a  rather  extensive  group  is  protected,  either  by  distasteful- 
ness  or  offensive  weapons,  there  are  usually  some  species  of  edible  and 
inoffensive  groups  that  gai*  protection  by  imitating  them.  It  has  been 
already  stated  that  the  Tetephoridce,  J^ampyridce,  and  other  families 
of  soft- winged  beetles,  are  distasteful ;  and  as  they  abound  in  all  parts 
of  the  world,  and  especially  in  the  tropics,  it  is  not  surprising  that 
insects  of  many  other  groups  should  imitate  them.  This  is  especially 
the  case  with  the  longicorn  beetles,  which  are  much  persecuted  by 
insectivorous  birds ;  and  everywhere  in  tropical  regions  some  of  these 
are  to  be  found  so  completely  disguised  as  to  be  mistaken  for  species 
of  the  protected  groups.  Numbers  of  these  imitations  have  been  already 
recorded  by  Mr.  Bates  and  myself,  but  I  will  her*  refer  to  a  few 
others. 

In  the  recently  published  volumes  of  the  Longicorn  and  Malacoderm 
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beetles  of  Central  America  *  there  are  numbers  of  beautifuly  colored 
figures  of  the  new  species ;  and  on  looking  over  them  we  are  struck  by 
the  curious  resemblance  of  some  of  the  Longicorns  to  species  of  the 
Malacoderm  group.  In  some  cases  we  discover  perfect  mimics,  and  on 
turning  to  the  descriptions  we  always  find  these  pairs  to  come  from 
the  same  locality.  Thus,  the  Otheostethus  melanurus,  one  of  the 


FIG.  26. —  Mygnimia  aviculus  (Wasp). — Coloborhombus  faseiatipennis  (Beetle). 

.Prionidce,  imitates  the  malacoderm  Z/ucidota  discolor  in  form,  peculiar 
coloration,  and  size,  and  both  are  found  at  Chontales  in  Nicaragua, 
the  species  mimicked  having,  however,  as  is  usual,  a  wider  range.  The 
curious  and  very  rare  little  longicorn  Tethlimmena  aliena,  quite 
unlike  its  nearest  allies  in  the  same  country,  is  an  exact  copy  on  a 
somewhat  smaller  scale  of  a  malacoderm  Lygistopterus  amabilis,  both 
found  at  Chontales.  The  pretty  longicorn  Callia  albicornis  closely 
resembles  two  species  of  malacoderms  Silis  chalybeipennis  and 

*  Godman  and  Salvin's  Biologia  Centrali-Americana,  Insecta,  Coleoptera,  vol. 
iii.  part  ii.,  and  vol.  v. 
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Colyphus  signaticollis,  all  being  small  beetles  with  red  head  and  thorax 
and  bright  blue  elytra,  and  all  three  have  been  found  at  Panama. 
Many  other  species  of  Callia  also  resemble  other  malacoderms ;  and  the 
longicorn  genus  Lycidola  has  been  named  from  its  resemblance  to 
various  species  of  tiie  Lycidce,  one  of  the  species  here  figured  (Lyci- 
dola belti)  being  a  good  mimic  of  Calopteron  corrugatum  and  of 
several  other  allied  species,  all  being  of  about  the  same  size  and  found 
at  Chontales.  In  these  cases,  and  in  most  others,  the  longicorn  beetles 
have  lost  the  general  form  and  aspect  of  their  allies  to  take  on  the 
appearance  of  a  distinct  tribe.  Some  other  groups  of  beetles,  as  the 
JKlateridce  and  EucnemidcR,  also  deceptively  mimic  malacoderms. 

Wasps  and  bees  are  often  closely  imitated  by  insects  of  other 
orders.  Many  longicorn  beetles  in  the  tropics  exactly  mimic  wasps, 
bees,  or  ants.  In  Borneo  a  large  black  wasp  (Mygnimia  aviculus), 
whose  wings  have  a  broad  white  patch  near  the  apex,  is  closely  imi- 
tated by  a  heteromerous  beetle  (Coloborhombus  fasciatipennis),  which, 
contrary  to  the  general  habit  of  beetles,  keeps  its  •vvings  expanded  in 
order  to  show  the  white  patch  on  the  apex,  the  wing-coverts  being 
reduced  to  small  oval  scales,  as  shown  in  the  figure.  This  is  a  most 
remarkable  instance  of  mimicry,  because  the  beetle  lias  had  to  acquire 
so  many  characters  which  are  unknown  among  its  allies  (except  in 
another  species  from  Java) — the  expanded  wings,  the  white  band  on 
them,  and  oval  scale-like  elytra.*  Another  remarkable  case  has  been 
noted  by  Mr.  Neville  Goodman,  in  Egypt,  where  a  common  hornet 
(Vespa  orientalist)  is  exactly  imitated  in  color,  size,  shape,  attitude 
when  at  rest,  and  mode  of  flight,  by  a  beetle  of  the  genus  Laphria.\ 

The  tiger-beetles  (Cicindelidce)  are  also  the  subjects  of  mimicry 
by  more  harmless  insects.  In  the  Malay  Islands  I  found  a  heterom- 
erous beetle  which  exactly  resembled  a  Therates,  both  being  found 
running  on  the  trunks  of  trees.  A  longicorn  ( Collyrodes  Lacordairei) 
Philippine  Islands  there  is  a  cricket  (Condylodeira  tricondyloides} 
mimics  Oollyris,  another  genus  of  the  same  family;  while  in  the 
which  so  closely  resembles  a  tiger-beetle  of  the  genus  Tricondyla 
that  the  experienced  entomologist  Professor  Westwood  at  first  placed 
it  in  his  cabinet  among  those  beetles. 

One  of  the  characters  by  which  some  beetles  are  protected  is 
excessive  hardness  of  the  elytra  and  integuments.  Several  genera  of 
weevils  ( Curculionidce)  are  thus  saved  from  attack,  and  these  are  often 
mimicked  by  species  of  softer  and  more  eatable  groups.  In  South 
America  the  genus  Heilipus  is  one  of  these  hard  groups,  and  both 
Mr.  Bates  and  M.  Roelofs,  a  Belgian  entomologist,  have  noticed  that 
species  of  other  genera  exactly  mimic  them.  So,  in  the  Philippines, 
there  is  a  group  of  Curculionidce,  forming  the  genus  Pachyrhynchus, 
in  which  all  the  species  are  adorned  with  the  most  brilliant  metallic 
colors,  banded  and  spotted  in  a  most  curious  manner,  and  are  very 
smooth  and  hard.  Other  genera  of  Curculionidce,  (Desmidophorus, 
Alcides),  which  are  usually  very  differently  colored,  have  species  in 
the  Philippines  which  mimic  the  Pachyrhynchi;  and  there  are  also 
several  longicorn  beetles  (Aprophata,  Doliops,  Acronia,  and  Agnid), 
which  also  mimic  them.  Besides  these,  there  are  some  longicorns 
and  cetonias  which  reproduce  the  same  colors  and  markings;  and 
there  is  even  a  cricket  (Scepastus  pachyrhynchoides),  which  has  taken 

*  Trans.  Ent.  Soc.,  1885,  p.  369.          f  Proc.  Camb.  Phil.  Soc.,  vol.  iii.  part  ii.,  1877. 
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on  the  form  and  peculiar  coloration  of  these  beetles  in  order  to  escape 
from  enemies,  which  then  avoid  them  as  uneatable.*  The  figures  on 
the  opposite  page  exhibit  several  other  examples  of  these  mimicking 
insects. 

Innumerable  other  cases  of  mimicry  occur  among  our  tropical 
insects ;  but  we  must  now  pass  on  to  consider  a  few  of  the  very 
remarkable,  but  much  rarer,  instances  that  are  found  among  the 
higher  animals. 


FIG.  27. 

a.  Doliops  sp.  (Longicorn)  mimics  Pachyrhynchus  orbif»  (6)  (a  hard  curcnlio). 

c.   Doliops  cureulioiioides  mimics  (d)  Pachyrhynchus  sp. 

c.   Scepastus  pachyrhynchoides  (a  grasshopper)  mimics  (f)  Apocyrtus  sp.  (a  hard 

curculio). 

</.  Doliops  sp.  mimics  (ft)  Pachyrhynchus  sp. 
i.   Phoraspis  (grasshopper)  mimics  (&)  a  Coccinella. 

All  the  above  are  from  the  Philippines.  The  exact  correspondence  of  the 
colors  of  the  insects  themselves  renders  the  mimicry  much  more  complete  in 
Nature  than  it  appears  in  the  above  figures. 

Mimicry  among  the   Vertebrata. 

Perhaps  the  most  remarkable  cases  yet  known  are  those  of  certain 
harmless  snakes  which  mimic  poisonous  species.  The  genus  Jalaps, 
in  tropical  America,  consists  of  poisonous  snakes  which  do  not  belong 
to  the  viper  family  (in  which  are  included  the  rattlesnakes  and  most 
of  those  which  are  poisonous),  and  which  do  not  possess  the  broad 
triangular  head  which  characterizes  the  latter.  They  have  »  peculiar 
style  of  coloration,  consisting  of  alternate  rings  of  red  and  btack,  or 

*  Comte- Rendu  de  la  Sotitte  Entomologigne  tie  Belgaue,  series  ii.,  No.  59.  1878. 
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red,  black,  and  yellow,  of  different  widths  and  grouped  in  various 
ways  in  the  different  species ;  and  it  is  a  style  of  coloration  which 
does  not  occur  in  any  other  group  of  snakes  in  the  world.  But  in  the 
same  regions  are  found  three  genera  of  harmless  snakes,  belonging  to 
other  families,  some  few  species  of  which  mimic  the  poisonous  Elaps, 
often  so  exactly  that  it  is  with  difficulty  one  can  be  distinguished  from 
the  other.  Thus  Elaps  fulvius  in  Guatemala  is  imitated  by  the  harm- 
less JPliocerus  equalis;  Elaps  corallinus  in  Mexico  is  mimicked  by 
the  harmless  Homalocraniutn  semicinctum;  and  Elaps  lemniscatus 
in  Brazil  is  copied  by  Oxryhopus  trigeminus;  while  in  other  parts  of 
South  America  similar  cases  of  mimicry  occur,  sometimes  two  harmless 
species  imitating  the  same  poisonous  snake. 

A  few  other  instances  of  mimicry  in  this  group  have  been  recorded. 
There  is  in  South  Africa  an  egg-eating  snake  Dasypeltis  scaber), 
which  has  neither  fangs  nor  teeth,  yet  it  is  very  like  the  Berg  adder 
(Clothos  atropos),  and  when  alarmed  renders  itself  still  more  like  by 
flattening  out  its  head  and  darting  forward  with  a  hiss  as  if  to  strike 
a  foe.*  Dr.  A.  B.  Meyer  has  also  discovered  that,  while  some  species 
of  the  genus  Callophis  (belonging  to  the  same  family  as  the  American 
Elaps)  have  large  poison-fangs  other  species  of  the  same  genus  have 
none ;  and  that  one  of  the  latter  ( C.  gracilis)  resembles  a  poisonous 
species  (C.  intestinalis)  so  closely  that  only  an  exact  comparison 
will  discover  the  difference  of  color  and  marking.  A  similar  kind 
of  resemblance  is  said  to  exist  between  another  harmless  snake 
Magcerophis  flaviceps  and  the  poisonous  Callophis  Mmrgatus;  and 
in  both  these  cases  the  harmless  snake  is  less  abundant  than  the 
poisonous  one,  as  occurs  in  all  examples  of  true  mimicry.f 

In  the  genus  Elaps,  above  referred  to,  the  very  peculiar  style  of 
color  and  marking  is  evidently  a  "  warning  color  "  for  the  purpose  of 
indicating  to  snake-eating  birds  and  mammals  that  these  species  are 
poisonous  ;  and  this  throws  light  on  the  long-disputed  question  of  the 
use  of  the  rattle  of  the  rattlesnake.  This  reptile  is  really  both  sluggish 
and  timid,  and  is  very  easily  captured  by  those  who  know  its  habits. 
If  gently  tapped  on  the  head  with  a  stick,  it  will  coil  itself  up  and  lie 
still,  only  raising  its  tail  and  rattling.  It  may  then  be  easily  caught. 
This  shows  that  the  rattle  is  a  warning  to  its  enemies  that  it  is 
dangerous  to  proceed  to  extremities ;  and  the  creature  has  probably 
acquired  this  structure  and  habit  because  it  frequents  open  or  rocky 
districts  where  protective  color  is  needful  to  save  it  from  being 
pounced  upon  by  buzzards  or  other  snake-eaters.  Quite  parallel  in 
function  is  the  expanded  hood  of  the  Indian  cobra,  a  poisonous  snake 
which  belongs  also  to  the  Elapidce.  This  is,  no  doubt,  a  warning  to 
its  foes,  not  an  attempt  to  terrify  its  prey;  and  the  hood  has  been 
acquired,  as  in  the  case  of  the  rattlesnake,  because,  protective 
coloration  being  on  the  whole  useful,  some  mark  was  required  to 
distinguish  it  from  other  protectively  colored  but  harmless  snakes. 
Both  these  species  feed  on  active  creatures  capable  of  escaping  if  their 
enemy  were  visible  at  a  moderate  distance. 

Mimicry  among  Birds. 

The  varied  forms  and  habits  of  birds  do  not  favor  the  production 
among  them  of  the  phenomena  of  warning  colors  or  of  mimicry ;  and 
the  extreme  development  of  their  instincts  and  reasoning  powers,  as 

*  Nature,  voj.  xrsriv.  p.  547.  t  Proc.  of  the  Zool,  Son.  of  London,  1870,  p.  369, 

J78 


DARWINISM.  189 

w«ll  at  th«ir  actirity  and  their  power  of  flight,  usually  afford  them 
other  means  of  evading  their  enemies.  Yet  there  are  a  few  imperfect 
and  one  or  two  very  perfect  cases  of  true  mimicry  to  be  found  among 
them.  The  less  perfect  examples  are  those  presented  by  several  spe- 
cies of  cuckoos,  an  exceedingly  weak  and  defenseless  group  of  birds. 
Our  own  cuckoo  is,  in  color  and  markings,  very  like  a  sparrow-hawk. 
In  the  East,  several  of  the  small  black  cuckoos  closely  resemble  the 
aggressive  drongo-shrikes  of  the  same  country,  and  the  small  metallic 
cuckoos  are  like  glossy  starlings ;  while  a  large  ground-cuckoo  of  Bor- 
neo ( Carpococcyx  radiatus)  resembles  one  of  the  fine  pheasants  (IZitr- 
plocamus)  of  the  same  country,  both  in  form  and  in  its  rich  metallic 
colors. 

More  perfect  cases  of  mimicry  occur  between  some  of  the  dull- 
colored  orioles  in  the  Malay  Archipelago  and  a  genus  of  large  honey- 
suckers —  the  Tropidorhynchi  or  "Friar-birds."  These  latter  are 
powerful  and  noisy  birds,  which  go  in  small  flocks.  They  have  long, 
curved,  and  sharp  beaks,  and  powerful  grasping  claws ;  and  they  are 
quite  able  to  defend  themselves,  often  driving  away  crows  and  hawks 
which  venture  to  approach  them  too  nearly.  The  orioles,  on  the  other 
hand,  are  weak  and  timid  birds,  and  trust  chiefly  to  concealment  and  to 
their  retiring  habits  to  escape  persecution.  In  each  of  the  great  Islands 
of  the  Austro-Malayan  region  there  is  a  distinct  species  of  Tropidorhyn- 
chus,  and  there  is  always  along  with  it  an  oriole  that  exactly  mimics 
it.  All  the  Tropidorhynchi  have  a  patch  of  bare  black  skin  round  the 
eyes,  and  a  ruff  of  curious  pale  recurved  feathers  on  the  nape,  whence 
their  name  of  Friar-birds,  the  ruff  being  supposed  to  resemble  the  cowl 
of  a  friar.  These  peculiarities  are  imitated  in  the  orioles  by  patches  of 
feathers  of  corresponding  colors;  while  the  different  tints  of  the  two 
species  in  each  island  are  exactly  the  same.  Thus  in  Bouru  both  are 
earthy  brown;  in  Ceram  they  are  both  washed  with  yellow  ochre;  in 
Timor  the  under  surface  is  pale  and  the  throat  nearly  white;  and  Mr. 
H.  O.  Forbes  has  recently  discovered  another  pair  in  the  Island  of 
Timor  Laut.  The  close  resemblance  of  these  several  pairs  of  birds,  of 
widely  different  families,  is  quite  comparable  with  that  of  many  of  the 
insects  already  described.  It  is  so  close  that  the  preserved  specimens 
have  even  deceived  naturalists ;  for,  in  the  great  French  work,  Voyage 
de  r Astrolabe,  the  oriole  of  Bouru  is  actually  described  and  figured 
as  a  honeysucker ;  and  Mr.  Forbes  tells  us  that  when  his  birds  were 
submitted  to  Dr.  Sclater  for  description  the  oriole  and  the  honeysucker 
were,  previous  to  close  examination,  considered  to  be  the  same  species. 

Objections   to   the  Theory  of  Mimicry. 

To  set  forth  adequately  the  varied  and  surprising  facts  of  mimicry 
would  need  a  large  and  copiously  illustrated  volume;  and  no  more 
interesting  subject  could  be  taken  up  by  a  naturalist  who  has  access 
to  our  great  collections  and  can  devote  the  necessary  time  to  search 
out  the  many  examples  of  mimicry  that  lie  hidden  in  our  museums. 
The  brief  sketch  of  the  subject  that  has  been  here  given  will,  however, 
serve  to  indicate  its  nature,  and  to  show  the  weakness  of  the  objections 
that  were  at  first  made  to  it.  It  was  urged  that  the  action  of  "  like 
conditions,"  with  "accidental  resemblances"  and  "reversion  to  ances- 
tral types,"  would  account  for  the  facts.  If,  however,  we  consider  the 
actiial  phenomena  as  here  set  forth,  and  the  very  constant  conditions 
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under  which  they  occur,  we  shall  see  how  utterly  inadequate  are  these 
causes,  either  singly  or  combined.     These  constant  conditions  are — 

1.  That  the  imitative  species  occur  in  the  same  area  and  occupy  the 

very  same  station  as  the  imitated. 

2.  That,  the  irnitaters  are  always  the  more  defenseless. 

3.  That  the  imitaters  are  always  less  numerous  in  individuals. 

4.  That  the  imitaters  differ  from  the  bulk  of  their  allies. 

5.  That  the  imitation,  however  minute,  is  external  and  visible  only, 

never  extending  to  internal  characters  or  to  such  as  do  not 
affect  the  external  appearance. 

These  five  characteristic  features  of  mimicry  show  us  that  it  is 
really  an  exceptional  form  of  protective  resemblance.  Different  species 
in  the  same  group  of  organisms  may  obtain  protection  in  different 
ways :  some  by  a  general  resemblance  to  their  environment ;  some  by 
more  exactly  imitating  the  objects  that  surround  them  —  bark,  or  leaf, 
or  flower ;  while  others  again  gain  an  equal  protection  by  resembling 
some  species  which,  from  whatever  cause,  is  almost  as  free  from  attack 
as  if  it  were  a  leaf  or  a  flower.  This  immunity  may  depend  on  its 
being  uneatable,  or  dangerous,  or  merely  strong  ;  and  it  is  the  resem- 
blance to  such  creatures  for  the  purpose  of  sharing  in  their  safety  that 
constitutes  mimicry. 

Concluding  Remarks   on  Warning  Colors   and  Mimicry. 

Colors  which  have  been  acquired  for  the  purpose  of  serving  as  a 
warning  of  inedibility,  or  of  the  possession  of  dangerous  offensive 
weapons,  are  probably  more  numerous  than  have  been  hitherto  sup- 
posed ;  and,  if  so,  we  shall  be  able  to  explain  a  considei'able  amount 
of  color  in  Nature  for  which  no  use  has  hitherto  been  conjectured. 
The  brilliant  and  varied  colors  of  sea-anemones  and  of  many  coral 
animals  will  probably  come  under  this  head,  since  we  know  that  many 
of  them  possess  the  power  of  ejecting  stinging  threads  from  various 
parts  of  their  bodies  which  render  them  quite  uneatable  to  most 
animals.  Mr.  Gosse  describes  how,  011  putting  an  Anthea  into  a  tank 
containing  a  haif-growu  bullhead  (Coitus  bubalis)  which  had  not 
been  fed  for  some  time,  the  fish  opened  his  mouth  and  sucked  in  the 
morsel,  but  instantly  shot  it  out  again.  He  then  seized  it  a  second 
time,  and  after  rolling  it  about  in  his  mouth  for  a  moment  shot  it  out 
again,  and  then  darted  away  to  hide  himself  in  a  hole.  Some  tropical 
fishes,  however,  of  the  genera  Tetrodon,  Pseudoscarus,  Astracion, 
and  a  few  others,  seem  to  have  acquired  the  power  of  feeding  on  corals 
and  medusae;  and  the  beautiful  bands  and  spots  and  bright  colors 
with  which  they  are  frequently  adorned  may  be  either  protective 
when  feeding  in  the  submarine  coral  groves,  or  may,  in  some  cases, 
be  warning  colors  to  show  that  they  themselves  are  poisonous  and 
uneatable. 

A  remarkable  illustration  of  the  wide  extension  of  warning  colors, 
and  their  very  definite  purpose  in  Nature,  is  afforded  by  what  may 
now  be  termed  "  Mr.  Belt's  frog."  Frogs  in  all  parts  of  the  world 
are,  usually,  protectively  colored  with  greens  or  browns ;  and  the 
little  tree-frogs  are  either  green  like  the  leaves  they  rest  upon,  or 
curiously  mottled  to  imitate  bark  or  dead  leaves.  But  there  are  a 
certain  number  of  very  gaily  colored  frogs,  and  these  do  not  conceal 
themselves  as  frogs  usually  do.  Such  was  the  small  toa^l  found  by 
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Darwin  at  Bahia  Blanca,  which  was  intense  black  and  bright  vermilion, 
and  crawled  about  iu  the  suusiiiue  over  dry  sand-hills  and  arid  plains. 
And  in  Nicaragua,  Mr.  Belt  found  a  little  frog  gorgeously  dressed  in 
a  livery  of  red  and  blue,  which  did  not  attempt  concealment  and  was 
very  abundant,  a  combination  of  characters  which  convinced  him  that 
it  was  uneatable.  He,  therefore,  took  a  few  specimens  home  with 
him  and  gave  them  to  his  fowls  and  ducks,  but  none  would  touch 
them.  At  last,  by  throwing  down  pieces  of  meat,  for  which  there  was 
a  great  competition  among  the  poultry,  he  managed  to  entice  a  young 
duck  into  snatching  up  one  of  the  little  frogs.  Instead  of  swallowing 
it,  however,  the  duck  instantly  threw  it  out  of  its  mouth,  and  went 
about  jerking  its  head  as  if  trying  to  get  rid  of  some  unpleasant 
taste.* 

The  power  of  predicting  what  will  happen  in  a  given  case  is  always 
considered  to  be  a  crucial  test  of  a  true  theory ;  and  if  so,  the  theory 
jf  warning  colors,  and  with  it  that  of  mimicry,  must  be  held  to  be 
well  established.  Among  the  creatures  which  probably  have  warning 
colors  as  a  sign  of  inedibility  are  the  brilliantly  colored  nudibranchiate 
mollusks,  those  curious  annelids  the  Nereis  and  the  Aphrodite  or  sea- 
mouse,  and  many  other  marine  animals.  The  brilliant  colors  of  the 
scallops  (Pecten)  and  some  other  bivalve  shells  are  perhaps  an  indica- 
tion of  their  hardness  and  consequent  inedibility,  as  in  the  case  of 
the  hard  beetles ;  and  it  is  not  improbable  that  some  of  the  phos- 
phorescent fishes  and  other  marine  organisms  may,  like  the  glowworm, 
hold  out  their  lamp  as  a  warning  to  enemies. f  In  Queensland  there 
is  an  exceedingly  poisonous  spider,  whose  bite  will  kill  a  dog,  and 
cause  severe  illness  with  excruciating  pain  in  man.  It  is  black,  with  a 
bright  vermilion  patch  on  the  middle  of  the  body;  and  it  is  so  well 
recognized  by  this  conspicuous  coloration  that  even  the  spider-hunting 
wasps  avoid  it.J 

Locusts  and  grasshoppers  are  generally  of  green  protective  tints, 
but  there  are  many  tropical  species  most  gaudily  decorated  with  red, 
bine,  and  black  colors.  On  the  same  general  grounds  as  those  on 
which  Mr.  Belt  predicated  the  inedibility  of  his  conspicuous  frog  we 
might  safely  predicate  the  same  for  these  insects;  but  we  have 
fortunately  a  proof  that  they  are  so  protected,  since  Mr.  Charles 
Home  states  that  one  of  the  bright  colored  Indian  locusts  was 
invariably  rejected  when  offered  to  birds  and  lizards. § 

The  examples  now  given  lead  us  to  the  conclusion  that  colors 
acquired  for  the  purpose  of  serving  as  a  danger-signal  to  enemies  are 
very  widespread  in  Nature,  and,  with  the  corresponding  colors  of  the 
species  which  mimic  them,  furnish  us  with  a  rational  explanation  of  a 
considerable  portion  of  the  coloration  of  animals  which  is  outside  the 
limits  of  those  colors  that  have  been  acquired  for  either  protection  or 
recognition.  There  remains,  however,  another  set  of  colors,  chiefly 
among  the  higher  animals,  which,  being  connected  with  some  of  the 
most  interesting  and  most  disputed  questions  in  natural  history,  must 
be  discussed  in  a  separate  chapter. 

*  Tlie  Naturalist  in  Nicaragua,  p.  321. 

t  Mr.  Belt  first  suggested  this  use  of  the  light  of  the  Lampyridee  (fireflies  and 
glowworms),  Naturalist  in  Nicaragua,  p.  320.—  Mr.  Verrill  and  Professor  Me  Idol* 
made  the  same  suggestion  in  the  case  of  medusae  and  other  phosphorescent 
marine  organisms  (Nature,  vol.  xxx.  pp.  281,  289). 

t  W.  E.  Arrait,  in  Nature,  vol.  xviii.  p.  642.        §  Proc.  Ent.  Soc.,  1869,  p.  xiii. 
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CHAPTER   X. 
COLORS   AND    ORNAMENTS   CHARACTERISTIC   OP   SEX. 

Sex-colors  in  the  mollusca  and  Crustacea. —  In  insects. —  In  butterflies  and 
moths. —  Probable  causes  of  these  colors. —  Sexual  selection  as  a  supposed 
cause. —  Sexual  coloration  of  birds. —  Cause  of  dull  colors  of  female  birds. — 
Relation  of  sex-color  to  nesting  habits. — Sexual  color  of  other  vertebrates. — 
Sexual  selection  by  the  struggles  of  males. —  Sexual  characters  due  to  nat- 
ural selection. —  Decorative  plumage  of  males  and  its  effect  on  the  females. 
Display  of  decorative  plumage  by  the  males. — A  theory  of  animal  coloration. 
The  origin  of  accessory  plumes. —  Development  of  accessory  plumes  and 
their  display. — The  effect  of  female  preference  will  be  neutralized  by  nat- 
ural selection. —  General  laws  of  animal  coloration. —  Concluding  remarks. 

In  the  preceding  chapters  we  have  dealt  chiefly  with  the  coloration 
of  animals  as  distinctive  of  the  several  species ;  and  we  have  seen  that, 
in  an  enormous  number  of  cases,  the  colors  can  be  shown  to  have  a 
definite  purpose,  and  to  be  useful  either  as  a  means  of  protection  or 
concealment,  of  warning  to  enemies,  or  of  recognition  by  their  own 
kind.  We  have  now  to  consider  a  subordinate  but  very  widespread 
phenomenon — the  differences  of  color  or  of  ornamental  appendages  in 
the  two  sexes.  These  differences  are  found  to  have  special  relations 
with  the  three  classes  of  coloration  above  referred  to,  in  many  cases 
confirming  the  explanation  already  given  of  their  purport  and  use,  and 
furnishing  us  with  important  aid  in  formulating  a  general  theory  of 
animal  coloration. 

In  comparing  the  colors  of  the  two  sexes  we  find  a  perfect  gradation, 
from  absolute  identity  of  color  up  to  such  extreme  difference  that  it  is 
difficult  to  believe  that  the  two  forms  can  belong  to  the  same  species; 
and  this  diversity  in  the  colors  of  the  sexes  does  not  bear  any  constant 
relation  to  affinity  or  systematic  position.  In  both  insects  and  birds 
we  find  examples  of  complete  identity  and  extreme  diversity  of  the 
sexes;  and  these  differences  occur  sometimes  in  the  same  tribe  or 
family,  and  sometimes  even  in  the  same  genus. 

It  is  only  among  the  higher  and  more  active  animals  that  sexual 
differences  of  color  acquire  any  prominence.  In  the  mollusca  the  two 
sexes,  when  separated,  are  always  alike  in  color,  and  only  very  rarely 
present  slight  differences  in  the  form  of  the  shell.  In  the  extensive 
groups  of  custacea  the  two  sexes  as  a  rule  are  identical  in  color,  though 
there  are  often  differences  in  the  form  of  the  prehensile  organs ;  but 
in  a  very  few  cases  there  are  differences  of  color  also.  Thus,  in  a 
Brazilian  species  of  shore-crab  ( G-elasirmis)  the  female  is  grayish-brown, 
while  in  the  male  the  posterior  part  of  the  cephalo-thorax  is  pure  white, 
with  the  anterior  part  of  a  rich  green.  This  color  is  only  acquired  by  the 
males  when  they  become  mature,  and  is  liable  to  rapid  change  in  a  few 
minutes  to  dusky  tints.*  In  some  of  the  fresh- water  fleas  (Daphnoidce) 
the  males  are  ornamented  with  red  and  blue  spots,  while  in  others 
similar  colors  occur  in  both  sexes.  In  spiders  also,  though  as  a  rule  the 
two  sexes  are  alike  in  color,  there  are  a  few  exceptions,  the  males  being 
ornamented  with  brilliant  colors  on  the  abdomen,  while  the  female  ii 
dull-colored. 

*  Darwin's  Descent  of  Mant  p.  271. 
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Sexual  Coloration  in  Insects. 

It  is  only  when  we  come  to  the  winged  insects  that  we  find  any 
large  amount  of  peculiarity  in  sexual  coloration,  and  even  here  it  is 
only  developed  in  certain  orders.  Flies  (jDlptera),  field-bugs  (Hemip- 
terd)  cicadas  (Homoptera),  and  the  grasshoppers,  locusts,  and  crickets 
(Orthoptera)  present  very  few  and  unimportant  sexual  differences 
of  color ;  but  the  last  two  groups  have  special  musical  organs  very 
fully  developed  in  the  males  of  some  of  the  species,  and  these  no 
doubt  enable  the  sexes  to  discover  and  recognize  each  other.  In  some 
cases,  however,  when  the  female  is  protectively  colored,  as  in  the  well- 
known  leaf-iusects  already  referred  to  (p.  141),  the  male  is  smaller  and 
much  less  protectively  formed  and  colored.  In  the  bees  and  wasps 
(Hymenoptera)  it  is  also  the  rule  that  the  sexes  are  alike  in  color, 
though  there  are  several  cases  among  solitary  bees  where  they  differ, 
—  the  female  being  black  and  the  male  brown  \nAnthophora  retusa, 
while  in  Andrcena  fulva  the  female  is  more  brightly  colored  than  the 
male.  Of  the  great  order  of  beetles  (Coleopterd)  the  same  thing  may 
be  said.  Though  often  so  rich  and  varied  in  their  colors  the  sexes  are 
usually  alike,  and  Mr.  Darwin  was  only  able  to  find  about  a  dozen 
cases  in  which  there  was  any  conspicuous  difference  between  them.* 
They  exhibit,  however,  numerous  sexual  characters, —  in  the  length  of 
the  antennae,  and  in  horns,  legs,  and  jaws  remarkably  enlarged  or 
curiously  modified  in  the  male  sex. 

It  is  in  the  family  of  dragonflies  (order  Neuroptera}  that  we  first 
meet  with  numerous  cases  of  distinctive  sexual  coloration.  In  some 
of  the  Agrionidce  the  males  have  the  bodies  rich  blue  and  the  wings 
black,  while  the  females  have  the  bodies  green  and  the  wings  trans- 
parent. In  the  North  American  genus  Iletcerina  the  males  alone  have 
a  carmine  spot  at  the  base  of  each  wing ;  but  in  some  other  genera  the 
sexes  hardly  differ  at  all. 

The  great  order  of  Lepidoptera,  including  the  butterflies  and  moths, 
affords  us  the  most  numerous  and  striking  examples  of  diversity  of 
sexual  coloring.  Among  the  moths  the  difference  is  usually  but 
slight,  being  manifested  in  a  greater  intensity  of  the  color  of  the 
smaller- winged  male ;  but  in  a  few  cases  there  is  a  decided  difference, 
as  in  the  ghost-moth  (Jfepialus  hutnuli),  iu  which  the  male  is  pure 
white,  while  the  female  is  yellow  with  darker  markings.  This  may  be 
a  recognition-color,  enabling  the  female  more  readily  to  discover  her 
mate;  and  this  view  receives  some  support  from  the  fact  that  in  the 
Shetland  Islands  the  male  is  almost  as  yellow  as  the  female,  since  it 
has  been  suggested  that  at  midsummer,  when  this  moth  appears,  there 
is  in  that  high  latitude  sufficient  twilight  all  night  to  render  any  special 
coloration  unnecessary.! 

Butterflies  present  us  with  a  wonderful  amount  of  sexual  difference 
of  color,  in  many  cases  so  remarkable  that  the  two  sexes  of  the  same 
species  remained  for  many  years  under  different  names  and  were 
thought  to  be  quite  distinct  species.  We  find,  however,  every  grada- 
tion from  perfect  identity  to  complete  diversity,  and  in  some  cases  we 
are  able  to  see  a  reason  for  this  difference.  Beginning  with  the  most 
extraordinary  cases  of  diversity, —  as  in  Diadema  misippus,  where  the 
male  is  black,  ornamented  with  a  large  white  spot  on  each  wing 
margined  with  rich  changeable  blue,  while  the  female  is  orange-brown 

*  Pftrwin's  Descent  of  Man,  p.  294,  and  footnote,  *  Nature,  1871,  p.  489, 
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with  black  spots  and  stiipes, —  we  find  the  explanation  in  the  fact  that 
the  female  mimics  an  uneatable  Danais,  and  thus  gains  protection 
while  laying  its  eggs  on  low  plants  in  company  with  that  insect.     In 
the  allied  species  Diadema  bolina  the  females  are  also  very  different 
from  the  males,  but  are  of  dusky  brown  tints,  evidently  protective  and 
very  variable,  some  specimens  having  a  general  resemblance  to  the  un- 
eatable Euplceas;  so  that  we  see  here  some  of  the  earlier  stages  of 
both  forms  of  protection.     The  remarkable  differences  in  some  South 
American   Pieridce   are   similarly   explained.     The   males   of  Pieris 
pyrrha,  P.  lorena,  and  several  others,  are  white  with  a  few  black  bands 
and  marginal  spots  like  so  many  of  their  allies,  while  the  females  are 
gaily  colored  with  yellow  and  brown,  and  exactly  resemble  some  spe- 
cies of  the  uneatable  Heliconidce  of  the  same  district.    Similarly,  in  the 
Malay  Archipelago,  the  female  of  Diadema  anomala  is  glossy  metallic 
blue,  while  the  male  is  brown ;  the  reason  for  this  reversal  of  the  usual 
rule  being  that  the  female  exactly  mimics  the  brilliant  coloring  of  the 
common  and  uneatable  Euplcea  midamus,  and  thus  secures  protection. 
In  the  fine  Adolias  dirtea,  the  male  is  black  with  a  few  specks  of 
ochre-yellow  and  a  broad  marginal  band  of  rich  metallic  greenish-blue, 
while  the  female  is  brownish-black  entirely  covered  with  rows  of  ochre- 
yellow  spots.     This  latter  coloration  does  not  appear  to  be  protective 
when  the  insect  is  seen  in  the  cabinet,  but  it  really  is  so.     I  have  ob- 
served the  female  of  this  butterfly  in  Sumatra,  where  it  settles  on  the 
ground  in   the   forest,  and  its  yellow  spots  so  harmonize  with  the 
flickering  gleams  of  sunlight  on  the  dead  leaves  that  it  can  only  be 
detected  with  the  greatest  difficulty. 

A  hundred  other  cases  might  be  quoted  in  which  the  female  is 
either  more  obscurely  colored  than  the  male,  or  gains  protection  by 
imitating  some  inedible  species ;  and  any  one  who  has  watched  these 
female  insects  flying  slowly  along  in  search  of  the  plants  on  which  to 
deposit  their  eggs  will  understand  how  important  it  must  be  to  them 
not  to  attract  the  attention  of  insect-eating  birds  by  too  conspicuous 
colors.  The  number  of  birds  which  capture  insects  on  the  wing  is 
much  greater  in  tropical  regions  than  in  Europe ;  and  this  is  perhaps 
the  reason  why  many  of  our  showy  species  are  alike,  or  almost  alike, 
in  both  sexes,  while  they  are  protectively  colored  on  the  under  side, 
which  is  exposed  to  view  when  they  are  at  rest.  Such  are  our  peacock, 
tortoise-shell,  and  red  admiral  butterflies ;  while  in  the  tropics  we  more 
commonly  find  that  the  females  are  less  conspicuous  on  the  upper 
surface  even  when  protectively  colored  beneath. 

We  may  here  remark,  that  the  cases  already  quoted  prove  clearly 
that  either  male  or  female  may  be  modified  in  color  apart  from  the 
opposite  sex.  In  Pieris  pyrrha  and  its  allies  the  male  retains  the 
usual  type  of  coloration  of  the  whole  genus,  while  the  female  has 
acquired  a  distinct  and  peculiar  style  of  coloring.  In  Adolias  dirtea, 
on  the  other  hand,  the  female  appears  to  retain  something  like  the 
primitive  color  and  markings  of  the  two  sexes,  modified  perhaps  for 
more  perfect  protection ;  while  the  male  has  acquii-ed  more  and  more 
intense  and  brilliant  colors,  only  showing  his  original  markings  by 
the  few  small  yellow  spots  that  remain  near  the  base  of  the  wings. 
In  the  more  gaily  colored  Pieridce,  of  which  our  orange-tip  butterfly 
may  be  taken  as  a  type,  we  see  in  the  female  the  plain  ancestral  colors 
of  the  group,  while  the  male  has  acquired  the  brilliant  orange  tip  to 
its  wings,  probably  as  a  recognition-mark. 
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In  those  species  in  which  the  under  surface  is  protectively  colored, 
we  often  find  the  upper  surface  alike  in  both  sexes,  the  tint  of  color 
being  usually  more  intense  in  the  male.  But  in  some  cases  this  leads 
to  the  female  being  more  conspicuous,  as  in  some  of  the  Lyccenidce, 
where  the  female  is  bright  blue  and  the  male  of  a  blue  so  much 
deeper  and  soberer  in  tint  as  to  appear  the  less  brilliantly  colored  of 
the  two. 

Probable  Causes   of  these  Colors. 

In  the  production  of  these  varied  results  there  have  probably  been 
several  causes  at  work.  There  seems  to  be  a  constant  tendency  in 
the  male  of  most  animals  —  but  especially  of  birds  and  insects  —  to 
develop  more  and  more  intensity  of  color,  often  culminating  in 
brilliant  metallic  blues  or  greens  or  the  most  splendid  iridescent 
hues;  while,  at  the  same  time,  natural  selection  is  constantly  at  work, 
preventing  the  female  from  acquiring  these  same  tints,  or  modifying 
her  colors  in  various  directions  to  secure  protection  by  assimilating 
her  to  her  surroundings,  or  by  producing  mimicry  of  some  protected 
form.  At  the  same  time,  the  need  for  recognition  must  be  satisfied  ; 
and  this  seems  to  have  led  to  diversities  of  color  in  allied  species, 
sometimes  the  female  sometimes  the  male  undergoing  the  greatest 
change  according  as  one  or  other  could  be  modified  with  the  greatest 
ease,  and  &o  as  to  interfere  least  with  the  welfare  of  the  race.  Hence 
it  is  that  sometimes  the  males  of  allied  species  vary  most,  as  in  the 
different  species  of  Epicalia ;  sometimes  the  females,  as  in  the 
magnificent  green  species  of  Ornithoptera  and  the  "^i</neas "  group 
of  Papilio. 

The  importance  of  the  two  principles  —  the  need  of  protection  and 
recognition  —  in  modifying  the  comparative  coloration  of  the  sexes 
among  butterflies  is  beautifully  illustrated  in  the  case  of  the  groups 
which  are  protected  by  their  distastefulness,  and  whose  females  do 
not,  therefore,  need  the  protection  afforded  by  sober  colors. 

In  the  great  families  Hellconidce  and  Acrceidce  we  find  that  the 
two  sexes  are  almost  always  alike ;  and  in  the  very  few  exceptions 
that  the  female  though  differently  is  not  less  gaily  or  less  conspic- 
uously colored.  In  the  Danaidce  the  same  general  rule  prevails,  but 
the  cases  in  which  the  male  exhibits  greater  intensity  of  color  than  the 
female  are  perhaps  more  numerous  than  in  the  other  two  families. 
There  is,  however,  a  curious  difference  in  this  respect  between  the 
Oriental  and  the  American  groups  of  distasteful  Papilios  with  warning 
colors,  both  of  which  are  the  subjects  of  mimicry.  In  the  Eastern 
groups  —  of  which  P.  hector  and  P.  coon  may  be  taken  as  types — the 
two  sexes  are  nearly  alike,  the  male  being  sometimes  more  intensely 
colored  and  with  fewer  pale  markings;  but  in  the  American  groups  — 
represented  by  P.  ceneas,  P.  sesostris,  and  allies — there  is  a  wonderful 
diversity,  the  males  having  a  rich  green  or  bluish  patch  on  the  fore 
wings,  while  the  females  have  a  band  or  spot  of  pure  white,  not 
always  corresponding  in  position  to  the  green  spot  of  the  males. 
There  are.  however,  transitional  forms,  by  which  a  complete  series  can 
be  traced,  from  close  similarity  to  great  diversity  of  coloring  between 
the  sexes ;  and  this  may  perhaps  be  only  an  extreme  example  of  the 
intenser  color  and  more  concentrated  markings  which  are  a  very 
prevalent  characteristic  of  male  butterflies. 

There  are,  in  fact,  many  indications  of  a  regular  succession  of  tints 
in  which  color  development  has  occurred  in  the  various  groups  of 
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butterflies,  from  an  original  grayish  or  brownish  nentral  tint.  Thu« 
in  the  "jJEneas  "  group  of  Papilios  we  have  the  patch  on  the  upper 
wings  yellowish  in  P.  triopas,  olivaceous  in  P.  bolivar,  bronzy-gray 
with  a  white  spot  in  P.  erlaces,  more  greenish  and  buff  in  P.  iphidamas, 
gradually  changing  to  the  fine  blue  of  P.  brissonius,  and  the  mag- 
nificent green  of  P.  sesostris.  In  like  manner,  the  intense  crimson 
spots  of  the  lower  wings  can  be  traced  step  by  step  from  a  yellow  or 
buff  tint,  which  is  one  of  the  most  widespread  colors  in  the  whole 
order.  The  greater  purity  and  intensity  of  color  seem  to  be  usually 
associated  with  more  pointed  wings,  indicating  greater  vigor  and  more 
rapid  flight. 
Sexual  Selection  as  a  supposed  Cause  of  Color  Development. 

Mr.  Darwin,  as  is  well  known,  imputed  most  of  the  brilliant  colors 
and  varied  patterns  of  butterflies'  wings  to  sexual  selection, —  that  is, 
to  a  constant  preference,  by  female  butterflies,  for  the  more  brilliant 
males;  the  colors  thus  produced  being  sometimes  transmitted  to  the 
males  alone,  sometimes  to  both  sexes.  This  view  has  always  seemed 
to  me  to  be  unsupported  by  evidence,  while  it  is  also  quite  inadequate 
to  account  for  the  facts.  The  only  direct  evidence,  as  set  forth  with 
his  usual  fairness  by  Mr.  Darwin  himself,  is  opposed  to  his  views. 
Several  entomologists  assured  him  that,  in  moths,  the  females  evince 
not  the  least  choice  of  their  partners ;  and  Dr.  Wallace,  of  Colchester, 
who  has  largely  bred  the  Bombyx  cynthia,  confirmed  this  statement. 
Among  butterflies,  several  males  often  pursue  one  female,  and  Mr. 
Darwin  says  that  unless  the  female  exerts  a  choice  the  pairing  must 
be  left  to  chance.  But,  surely,  it  may  be  the  most  vigorous  or  most 
persevering  male  that  is  chosen,  not  necessarily  one  more  brightly  or 
differently  colored,  and  this  will  be  true  "natural  selection."  Butter- 
flies have  been  noticed  to  prefer  some  colored  flowers  to  others;  but 
that  does  not  prove,  or  even  render  probable,  any  preference  for  the 
color  itself,  but  only  for  flowers  of  certain  colors  on  account  of  the 
more  agreeable  or  more  abundant  nectar  obtained  from  them.  Dr. 
Schulte  called  Mr.  Darwin's  attention  to  the  fact  that  in  Diadema 
bolina  the  brilliant  blue  color  surrounding  the  white  spots  is  only 
visible  when  we  look  toward  the  insect's  head,  and  this  is  true  of  many 
of  the  iridescent  colors  of  butterflies,  and  probably  depends  upon  the 
direction  of  the  striae  on  the  scales.  It  is  suggested,  however,  that 
this  display  of  color  will  be  seen  by  the  female  as  the  male  is  approach- 
ing her,  and  that  it  has  been  developed  by  sexual  selection.*  But  in 
the  majority  of  cases  the  males  follow  the  female,  hovering  over  her  in 
a  position  which  would  render  it  almost  impossible  for  her  to  see  the 
particular  colors  or  patterns  on  his  upper  surface ;  to  do  so  the  female 
should  mount  higher  than  the  male,  and  fly  toward  him, —  being  the 
seeker  instead  of  the  sought,  and  this  is  quite  opposed  to  the  actual 
facts.  I  can  not,  therefore,  think  that  this  suggestion  adds  anything 
whatever  to  the  evidence  for  sexual  selection  of  color  by  female  butter- 
flies. This  question  will,  however,  be  again  touched  upon  after  we 
have  considered  the  phenomena  of  sexual  color  among  the  vertebrata. 

Sexual  Coloration  of  Birds. 

The  general  rule  among  vertebrates,  as  regards  color,  is  for  the  two 
sexes  to  be  alike.  This  prevails,  with  only  a  few  exceptions,  in  fishes, 

*  Darwin  in  Mature,  1880,  p.  237. 
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and  mammalia ;  but  in  birds  diversity  of  sexual  coloring  ig 
•xceedingly  frequent,  and  is,  not  improbably,  present  in  a  greater  or 
less  degree  in  more  than  half  of  the  known  species.  It  is  this  class, 
therefore,  that  will  afford  us  the  best  materials  for  a  discussion  of  the 
problem,  and  that  may  perhaps  lead  us  to  a  satisfactory  explanation  of 
the  causes  to  which  sexual  color  is  due. 

The  most  fundamental  characteristic  of  birds,  from  our  present 
point  of  view,  is  a  greater  intensity  of  color  in  the  male.  This  is  the 
case  in  hawks  and  falcons ;  in  many  thrushes,  warblers,  and  finches  j 
in  pigeons,  partridges,  rails,  plovers,  and  many  others.  When  the 
plumage  is  highly  protective  or  of  dull  uniform  tints,  as  in  many  of 
the  thrushes  and  warblers,  the  sexes  are  almost  or  quite  identical  in 
color ;  but  when  any  rich  markings  or  bright  tints  are  acquired,  they 
are  almost  always  wanting  or  much  fainter  in  the  females,  as  we  see 
in  the  blackcap  among  warblers,  and  the  chaffinch  among  finches. 

It  is  in  tropical  regions,  where  from  a  variety  of  causes  color  has 
been  developed  to  its  fullest  extent,  that  we  find  the  most  remarkable 
examples  of  sexual  divergence  of  color.  The  most  gorgeously  colored 
birds  known  are  the  birds-of-paradise,  the  chatterers,  the  tanagers,  the 
humming-birds,  and  the  pheasant-tribe,  including  the  peacocks.  In  all 
these  the  females  are  much  less  brilliant,  and,  in  the  great  majority  of 
cases,  exceptionally  plain  and  dull-colored  birds.  Not  only  are  the 
remarkable  plumes,  crests,  and  gorgets  of  the  birds-of-paradise  entirely 
wanting  in  the  females,  but  these  latter  are  usually  without  any  bright 
color  at  all,  and  rank  no  higher  than  our  thrushes  in  ornamental 
plumage.  Of  the  humming-birds  the  same  may  be  said,  except  that 
the  females  are  often  green,  and  sometimes  slightly  metallic,  but  from 
their  small  size  and  uniform  tints  are  never  conspicuous.  The  glorious 
blues  and  purples,  the  pure  whites  and  intense  crimsons  of  the  male 
chatterers  are  represented  in  the  females  by  olive-greens  or  dull 
browns,  as  are  the  infinitely  varied  tints  of  the  male  tanagers.  And  in 
pheasants  the  splendor  of  plumage  which  characterizes  the  males  is 
entirely  absent  in  the  females,  which,  though  often  ornamental,  have 
always  comparatively  sober  and  protective  tints.  The  same  thing 
occurs  with  many  other  groups.  In  the  Eastern  tropics  are  many 
brilliant  birds  belonging  to  the  families  of  the  warblers,  flycatchers, 
shrikes,  etc.,  but  the  female  is  always  much  less  brilliant  than  the  male 
and  often  quite  dull-colored. 

Cause  of  Dull  Colors  of  Female  Birds. 

The  reason  of  this  phenomenon  is  not  difficult  to  find,  if  we  con- 
sider the  essential  conditions  of  a  bird's  existence  and  the  most 
important  function  it  has  to  fulfill.  In  order  that  the  species  may  be 
continued,  young  birds  must  be  produced,  and  the  female  birds  have 
to  set  assiduously  on  their  eggs.  While  doing  this  they  are  exposed 
to  observation  and  attack  by  the  numerous  devourers  of  eggs  and 
birds,  and  it  is  of  vital  importance  that  they  should  be  protectively 
colored  in  all  those  parts  of  the  body  which  are  exposed  during 
incubation.  To  secure  this  end  all  the  bright  colors  and  showy 
ornaments  which  decorate  the  male  have  not  been  acquired  by  the 
female,  who  often  remains  clothed  in  the  sober  hues  which  were  prob- 
ably once  common  to  the  whole  order  to  which  she  belongs.  The 
different  amounts  of  color  acquired  by  the  females  have  no  doubt 
depended  on  peculiarities  of  habits  and  of  environment,  and  on  th« 
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powers  of  defense  or  of  concealment  possessed  by  the  species.  Mr. 
Darwin  has  taugut  us  that  natural  selection  can  not  produce  absolute 
but  only  relative  perfection ;  and  as  a  protective  color  is  only  one  out 
of  many  means  by  which  the  female  birds  are  able  to  provide  for  the 
safety  of  their  young;,  those  which  are  best  endowed  in  other  respects 
will  have  been  allowed  to  acquire  more  color  than  those  with  whom 
the  struggle  for  existence  is  more  severe. 

Relation   of  Sex  Color   to  Nesting  Habits. 

This  principle  is  strikingly  illustrated  by  the  existence  of  consider- 
able numbers  of  birds  in  which  both  sexes  are  similarly  and  brilliantly 
colored,  —  in  some  cases  as  brilliantly  as  the  males  of  many  of  the 
groups  above  referred  to.  Such  are  the  extensive  families  of  the 
kingfishers,  the  woodpeckers,  the  toucans,  the  parrots,  the  turacos, 
the  haugnests,  the  starlings,  and  many  other  smaller  groups,  all  the 
species  of  which  are  conspicuously  or  brilliantly  colored,  while  in  all 
of  them  the  females  are  either  colored  exactly  like  the  males,  or,  when 
differently  colored,  are  equally  conspicuous.  When  searching  for 
some  cause  for  this  singular  apparent  exception  to  the  rule  of  female 
protective  coloring,  I  came  upon  a  fact  which  beautifully  explains  it ; 
for  in  all  these  cases,  without  exception,  the  species  either  nests  in 
holes  in  the  ground  or  in  trees,  or  builds  a  domed  or  covered  nest, 
so  as  completely  to  conceal  the  setting  bird.  We  have  here  a  case 
exactly  parallel  to  that  of  the  butterflies  protected  by  distastefulness, 
whose  females  are  either  exactly  like  the  males,  or,  if  different,  are 
equally  conspicuous.  We  can  hardly  believe  that  so  exact  a  parallel 
should  exist  between  such  remote  classes  of  animals,  except  under  the 
influence  of  a  general  law ;  and,  in  the  need  of  protection  by  all 
defenseless  animals,  and  especially  by  most  female  insects  and  birds, 
we  have  such  a  law,  which  has  been  proved  to  have  influenced  the 
colors  of  a  considerable  proportion  of  the  animal  kingdom.* 

The  general  relation  which  exists  between  the  mode  of  nesting  and 
the  coloration  of  the  sexes  in  those  groups  of  birds  which  need  protec- 
tion from  enemies  may  be  thus  expressed:  When  both  sexes  are  brill- 
iant or  conspicuous,  the  nest  is  such  as  to  conceal  the  setting  bird ;  but 
when  the  male  is  brightly  colored  and  the  female  sets  exposed  on  the 
nest,  she  is  always  less  brilliant  and  generally  of  quite  sober  and  pro- 
tective hues. 

It  must  be  understood  that  the  mode  of  nesting  has  influenced  the 
color,  not  that  the  color  has  determined  the  mode  of  nesting;  and  this, 
I  believe,  has  been  generally,  though  not  perhaps  universally,  the  case. 
For  we  know  that  color  varies  more  rapidly,  and  can  be  more  easily 
modified  and  fixed  by  selection,  than  any  other  character;  whereas 
habits,  especially  when  connected  with  structure,  and  when  they  per- 
vade a  whole  group,  are  much  more  persistent  and  more  difficult  to 
change,  as  shown  by  the  habit  of  the  dog  turning  round  two  or  three 
times  before  lying  down,  believed  to  be  that  of  the  wild  ancestral  form 
which  thus  smoothed  down  the  herbage  so  as  to  form  a  comfortable 
bed.  We  see,  too,  that  the  general  mode  of  nesting  is  characteristic 
of  whole  families  differing  widely  in  size,  form,  and  colors.  Thus,  all 
the  kingfishers  and  their  allies  in  every  part  of  the  world  nest  in  holes,  • 
usually  in  banks,  but  sometimes  in  trees.  The  motmots  and  the  puff- 

*  See  the  author's  Contributions  to  Natural  Selection,  chap,  vii.,  in  which 
these  facts  were  first  brought  forward. 
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birds  (Bucconidad)  build  in  similar  places;  while  the  toucans,  barbels, 
trogons,  woodpeckers,  and  parrots  ail  make  thtir  nests  in  hollow  trees. 
This  habit,  pervading  all  the  members  of  extensive  families,  must 
therefore  be  extremely  ancient,  more  especially  as  it  evidently  depends 
in  some  degree  on  the  structure  of  the  birds, —  the  bills,  and  especially 
the  feet,  of  all  these  groups  being  unfitted  for  the  construction  of 
woven  arboreal  nests.*  But  in  all  these  families  the  color  varies 
greatly  from  species  to  species,  being  constant  only  in  the  one  charac- 
ter of  the  similarity  of  the  sexes,  or,  at  all  events,  in  their  being  equally 
conspicuous  even  though  differently  colored. 

When  I  first  put  forward  this  view  of  the  connection  between  the 
mode  of  nesting  and  the  coloration  of  female  birds,  I  expressed  the 
law  in  somewhat  different  terms,  which  gave  rise  to  some  misunder- 
standing, and  led  to  numerous  criticisms  and  objections.  Several  cases 
were  brought  forward  in  which  the  females  were  far  less  brilliant  than 
the  males,  although  the  nest  was  covered.  This  is  the  case  with  the 
J/faluridce,  or  superb  warblers  of  Australia,  in  which  the  males  are 
very  brilliant  during  the  pairing  season  and  the  females  quite  plain, 
yet  they  build  domed  nests.  Here,  there  can  be  little  doubt,  the 
covered  nest  is  a  protection  from  rain  or  from  some  special  enemies  to 
the  eggs ;  while  the  birds  themselves  are  protectively  colored  in  both 
sexes,  except  for  a  short  time  in  the  breeding  season  when  the  male 
acquires  brilliant  colors;  and  this  is  probably  connected  with  the  fact 
of  their  inhabiting  the  open  plains  and  thin  scrub  of  Australia,  where 
protective  colors  are  as  generally  advantageous  as  they  are  in  our 
north-temperate  zones. 

As  I  have  now  stated  the  law,  I  do  not  think  there  are  any  excep- 
tions to  it,  while  there  are  an  overwhelming  number  of  cases  which 
give  it  a  strong  support.  It  has  been  objected  that  the  domed  nests 
of  many  birds  are  as  conspicuous  as  the  birds  themselves  would  be, 
and  would,  therefore,  be  of  no  use  as  a  protection  to  the  birds  and 
young.  But,  as  a  matter  of  fact,  they  do  protect  them  from  attack,  for 
hawks  or  crows  do  not  pluck  such  nests  to  pieces,  as  in  doing  so  they 
would  be  exposed  to  the  attack  of  the  whole  colony;  whereas  a  hawk 
or  falcon  could  carry  off  a  setting  bird  or  the  young  at  a  swoop,  and 
entirely  avoid  attack.  Moreover,  each  kind  of  covered  nest  is  doubt- 
less directed  against  the  attacks  of  the  most  dangerous  enemies  of  the 
species,  the  purse-like  nests,  often  a  yard  long,  suspended  from  the 
extremity  of  thin  twigs,  being  useful  against  the  attacks  of  snakes, 
which,  if  they  attempted  to  enter  them,  would  be  easily  made  to  lose 
their  hold  and  fall  to  the  ground.  Such  birds  as  jays,  crows,  magpies, 
hawks,  and  other  birds  of  prey,  have  also  been  urged  as  an  exception ; 
but  these  are  all  aggressive  birds,  able  to  protect  themselves,  and  thus 
do  not  need  any  special  protection  for  their  females  during  nidification. 
Some  birds  which  build  in  covered  nests  are  comparatively  dull- 
colored,  like  many  of  the  weaver-birds,  but  in  others  the  colors  are  more 
showy,  and  in  all  the  sexes  nre  alike:  so  that  none  of  these  are  in  any 
way  opposed  to  the  rule.  The  golden  orioles  have,  however,  been  ad- 
duced as  a  decided  exception,  since  the  females  are  showy  and  build 
in  an  open  nest.  But  even  here  the  females  are  less  brilliant  than  the 
males,  and  are  sometimes  greenish  or  olivaceous  on  the  upper  surface ; 
while  they  very  carefully  conceal  their  nests  among  dense  foliage,  and 

*  On  this  point  see  the  author's  Contributions  to  Natural  Selection,  chap.  vi. 
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the  mal«  is  sufficiently  watchful  and  pugnacious  to  drive  off  most 
intruders. 

On  the  other  hand,  how  remarkable  it  is  that  the  only  small  and 
brightly  colored  birds  of  our  own  country  in  which  the  male  and  female 
are  alike — the  tits  and  starlings — either  build  in  holes  or  construct 
covered  nests;  while  the  beautiful  hangnests  (Icteridai)  of  South 
America,  which  always  build  covered  or  purse-shaped  nests,  are  equally 
showy  in  both  sexes,  in  striking  contrast  with  the  chatterers  and  tana- 
gers  of  the  same  country,  whose  females  are  invariably  less  conspicuous 
than  the  males.  On  a  rough  estimate,  there  are  about  1200  species  of 
birds  in  the  class  of  showy  males  and  females,  with  concealed  nidifica- 
tion ;  while  there  are  probably,  from  an  equally  rough  estimate,  about  the 
same  number  in  the  contrasted  class  of  showy  males  and  dull  females, 
with  open  nests.  This  will  leave  the  great  bulk  of  known  birds  in  the 
classes  of  those  which  are  more  or  less  protectively  colored  in  both  sexes; 
or  which,  from  their  organizations  and  habits,  do  not  require  special 
protective  coloration,  such  as  many  of  the  birds  of  prey,  the  larger 
waders,  and  the  oceanic  birds. 

There  are  a  few  very  curious  cases  in  which  the  female  bird  is 
actually  moi'e  brilliant  than  the  male,  and  which  yet  have  open  nests. 
Such  are  the  dotterel  (Eudromias  morinellus),  several  species  of 
phalarope,  an  Australian  creeper  (Climacteris  erythropus),  and  a  few 
others;  but  in  every  one  of  these  cases  the  relation  of  the  sexes  in 
regard  to  nidification  is  reversed,  the  male  performing  the  duties  of 
incubation,  while  the  female  is  the  stronger  and  more  pugnacious. 
This  curious  case,  therefore,  quite  accords  with  the  general  laws  of 
coloration.* 

Sexual  Colors  of  other  Vertebrates. 

We  may  consider  a  few  of  the  cases  of  coloration  of  other  classes  of 
vertebrates,  as  given  by  Mr.  Darwin.  In  fishes,  though  the  sexes  are 
usually  alike,  there  are  several  species  in  which  the  males  are  more 
brightly  colored,  and  have  more  elongated  fins,  spines,  or  other  ap- 
pendages, and  in  some  few  cases  the  colors  are  decidedly  different. 
The  males  often  fight  together,  and  are  altogether  more  vivacious  and 
excitable  than  the  females  during  the  breeding  season;  and  with  this 
we  may  connect  a  greater  intensity  of  coloration. 

In  frogs  and  toads  the  colors  are  usually  alike,  or  a  little  more  in- 
tense in  the  males,  and  the  same  may  be  said  of  most  snakes.  It  is  in 
lizards  that  we  first  meet  with  considerable  sexual  differences,  many  of 
the  species  having  gular  pouches,  frills,  dorsal  crests,  or  horns,  either 
confined  to  the  males,  or  more  developed  in  them  than  in  the  females, 
and  these  ornaments  are  often  brightly  colored.  In  most  cases,  how- 
ever, the  tints  of  lizards  are  protective,  the  male  being  usually  a  little 
more  intense  in  coloration;  and  the  difference  in  extreme  cases  may  be 
partly  due  to  the  need  of  protection  for  the  female,  which,  when  laden 
with  eggs,  must  be  less  active  and  less  able  to  escape  from  enemies  than 
the  male,  and  may,  therefore,  have  retained  more  protective  colors,  as 
so  many  insects  and  birds  have  certainly  done.f 

In  mammalia  there  is  often  a  somewhat  greater  intensity  of  color  in 
the  male,  but  rarely  a  decided  difference.  The  female  of  the  great  red 
kangaroo,  however,  is  a  delicate  gray;  while  in  the  Lemur  macaco  of 


•  Seebohm's  History  of  British  Birds,  vol.  ii.,  introduction,  p. 
t  For  details  see  Darwin's  Descent  of  Man,  chap.  xii. 
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Madagascar  the  male  is  jet-black  and  the  female  brown.  In  many 
monkeys  also  there  are  some  differences  of  color,  especially  on  the  face. 
The  sexual  weapons  and  ornaments  of  male  mammalia,  as  horns,  crests, 
manes,  and  dewlaps,  are  well  known,  and  are  very  numerous  and  re- 
markable. Having  thus  briefly  reviewed  the  facts,  we  will  now  consider 
the  theories  to  which  they  have  given  rise. 

/Sexual  Selection  by  the  Struggles   of  Males. 

Among  the  higher  animals  it  is  a  very  general  fact  that  the  males 
fight  together  for  the  possession  of  the  females.  This  leads,  in  polyg- 
amous animals  especially,  to  the  stronger  or  better-armed  males  be- 
coming the  parents  of  the  next  generation,  which  inherits  the  peculiar- 
ities of  the  parents;  and  thus  vigor  and  offensive  weapons  are  contin- 
ually increased  in  the  males,  resulting  in  the  strength  and  horns  of  the 
bull,  the  tusks  of  the  boar,  the  antlers  of  the  stag,  and  the  spurs  and 
fighting  instinct  of  the  gamecock.  But  almost  all  male  animals  fight 
together,  though  not  specially  armed;  even  hares,  moles,  squirrels, 
and  beavers  fight  to  the  death,  and  are  often  found  to  be  scarred  and 
wounded.  The  same  rule  applies  to  almost  all  male  birds;  and  these 
battles  have  been  observed  in  such  different  groups  as  humming-birds, 
finches,  goatsuckers,  woodpeckers,  ducks,  and  waders.  Among  rep- 
tiles, battles  of  the  males  are  known  to  occur  in  the  cases  of  crocodiles, 
lizards,  and  tortoises ;  among  fishes,  in  those  of  salmon  and  sticklebats. 
Even  among  insects  the  same  law  prevails ;  and  male  spiders,  beetles 
of  many  groups,  crickets,  and  butterflies  often  fight  together. 

From  this  very  general  phenomenon  there  necessarily  results  a  form 
of  natural  selection  which  increases  the  vigor  and  fighting  power  of  the 
male  animal,  since,  in  every  case,  the  weaker  are  either  killed,  wounded, 
or  driven  away.  This  selection  would  be  more  powerful  if  males  were 
always  in  excess  of  females,  but  after  much  research  Mr.  Darwin  could 
not  obtain  any  satisfactory  evidence  that  this  was  the  case.  The  same 
effect,  however,  is  produced  in  some  by  constitution  or  habits;  thus 
male  insects  usually  emerge  first  from  the  pupa,  and  among  migrating 
birds  the  males  arrive  first  both  in  this  country  and  in  North  America. 
The  struggle  is  thus  intensified,  and  the  most  vigorous  males  are  the 
first  to  have  offspring.  This  in  all  probability  is  a  great  advantage,  as 
the  early  breeders  have  the  start  in  securing  food,  and  the  young  are 
strong  enough  to  protect  themselves  while  the  later  broods  are  being 
produced. 

It  is  to  this  form  of  male  rivalry  that  Mr.  Darwin  first  applied  the 
term  "  sexual  selection."  It  is  evidently  a  real  power  in  Nature ;  and 
to  it  we  must  impute  the  development  of  the  exceptional  strength, 
size,  and  activity  of  the  male,  together  with  the  possession  of  special 
offensive  and  defensive  weapons,  and  of  all  other  characters  which  arise 
from  the  development  of  these  or  are  correlated  with  them.  But  he 
has  extended  the  principle  into  a  totally  different  field  of  action,  which 
has  none  of  that  character  of  constancy  and  of  inevitable  result  that 
attaches  to  natural  selection,  including  male  rivalry ;  for  by  far  the 
larger  portion  of  the  phenomena,  which  he  endeavors  to  explain  by 
the  direct  action  of  sexual  selection,  can  only  be  so  explained  on  the 
hypothesis  that  the  immediate  agency  is  female  choice  or  preference. 
It  is  to  this  that  he  imputes  the  origin  of  all  secondary  sexual 
characters  other  than  weapons  of  offense  or  defense,  of  all  the  orna- 
mental crests  and  accessory  plumes  of  birds,  the  stridulating  sounds 
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of  insects,  the  crests  and  boards  of  monkoys  and  other  mammals,  and 
the  brilliant  colors  and  patterns  of  male  birds  and  butterflies.  He  evea 
goes  further,  and  imputes  to  it  a  large  portion  of  the  brilliant  color 
that  occurs  in  both  sexes,  on  the  principle  that  variations  occurring 
in  one  sex  are  sometimes  transmitted  to  the  same  sex  only,  sometimes 
to  both,  owing  to  peculiarities  in  the  laws  of  inheritance.  In  this 
extension  of  sexual  selection  to  include  the  action  of  female  choice  or 
preference,  and  in  the  attempt  to  give  to  that  choice  such  wide- 
reaching  effects,  I  am  unable  to  follow  him  more  than  a  very  little 
way;  and  I  will  now  state  some  of  the  reasons  why  I  think  his  views 
are  unsound. 

Sexual  Characters   due   to  Natural  Selection. 

Besides  the  acquisition  of  weapons  by  the  male  for  the  purpose  of 
fighting  with  other  males,  there  are  some  other  sexual  characters 
which  may  have  been  produced  by  natural  selection.  Such  are  the 
various  sounds  and  odors  which  are  peculiar  to  the  male,  and  which 
serve  as  a  call  to  the  female  or  as  an  indication  of  his  presence. 
These  are  evidently  a  valuable  addition  to  the  means  of  recognition  of 
the  two  sexes,  and  are  a  further  indication  that  the  pairing  season  has 
arrived;  and  the  production,  intensification,  and  differentiation  of  these 
sounds  and  odors  are  clearly  within  the  power  of  natural  selection. 
The  same  remark  will  apply  to  the  peculiar  calls  of  birds,  and  even  to 
the  singing  of  the  males.  These  may  well  have  originated  merely  as 
a  means  of  recognition  between  the  two  sexes  of  a  species,  and  as  an 
invitation  from  the  male  to  the  female  bird.  When  the  individuals  of 
a  species  are  widely  scattered,  such  a  call  must  be  of  great  importance 
in  enabling  pairing  to  take  place  as  early  as  possible,  and  thus  the 
clearness,  loudness,  and  individuality  of  the  song  becomes  a  useful 
character,  and  therefore  the  subject  of  natural  selection.  Such  is 
especially  the  case  with  the  cuckoo,  and  with  all  solitary  birds,  and  it 
may  have  been  equally  important  at  some  period  of  the  development 
of  all  birds.  The  act  of  singing  is  evidently  a  pleasurable  one ;  and 
it  probably  serves  as  an  outlet  for  superabundant  nervous  energy  and 
excitement,  just  as  dancing,  singing,  and  field  sports  do  with  us.  It 
is  suggestive  of  this  view  that  the  exercise  of  the  vocal  power  seems 
to  be  complementary  to  the  development  of  accessory  plumes  and 
ornamen'us,  all  our  finest  singing-birds  being  plainly  colored,  and  with 
no  crests,  neck  or  tail  plumes  to  display;  while  the  gorgeously  orna- 
mented birds  of  the  tropics  have  no  song,  and  those  which  expend 
much  energy  in  the  display  of  plumage,  as  the  turkey,  peacocks, 
birds-of-paradise,  and  humming-birds,  have  comparatively  an  insignif- 
icant development  of  voice.  Some  birds  have,  in  the  wings  or  tail, 
peculiarly  developed  feathers  which  produce  special  sounds.  In  some 
of  the  little  manakins  of  Brazil  two  or  three  of  the  wing-feathers  are 
curiously  shaped  ard  stiffened  in  the  male,  so  that  the  bird  is  able  to 
produce  with  them  a  peculiar  snapping  or  cracking  sound ;  and  the 
tail-feathers  of  several  species  of  snipe  are  so  narrowed  as  to  produce 
distinct  drumming,  whistling,  or  switching  sounds,  when  the  birds 
descend  rapidly  from  a  great  height.  All  these  are  probably  recog- 
nition- and  call-notes,  useful  to  each  species  in  relation  to  the  most 
important  function  of  their  lives,  and  thus  capable  of  being  developed 
by  the  agency  of  natural  selection. 
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Decorative  Plumage  of  Birds  and  its  .Display. 

Mr.  Darwin  has  devoted  four  chapters  of  his  Descent  of  Man  to 
the  colors  of  birds,  their  decorative  plumage,  and  its  display  at  the 
pairing  season ;  and  it  is  on  this  latter  circumstance  that  he  founds 
his  theory  that  both  the  plumage  and  the  colors  have  been  developed 
by  the  preference  of  the  females,  the  more  ornamented  males  becoming 
the  parents  of  each  successive  generation.  Any  one  who  reads  these 
most  interesting  chapters  will  admit  that  the  fact  of  the  display  is 
demonstrated ;  and  it  may  also  be  admitted,  as  highly  probable,  that 
the  female  is  pleased  or  excited  by  the  display.  But  it  by  no  means 
follows  that  slight  differences  in  the  shape,  pattern,  or  colors  of  the 
ornamental  plumes  are  what  lead  a  female  to  give  the  preference  to 
one  male  over  another ;  still  less  that  all  the  females  of  a  species,  or 
the  great  majority  of  them,  over  a  wide  area  of  country,  and  for  many 
successive  generations,  prefer  exactly  the  same  modification  of  the 
color  or  ornament. 

The  evidence  on  this  matter  is  very  scanty,  and  in  most  cases  not 
at  all  to  the  point.  Some  peahens  preferred  an  old  pied  peacock ;  albino 
birds  in  a  state  of  Nature  have  never  been  seen  paired  with  other 
birds ;  a  Canada  goose  paired  with  a  Bernicle  gamier ;  a  male  widgeon 
preferred  a  pintail  duck  to  its  own  species ;  a  hen  canary  preferred  a 
male  greenfinch  to  either  linnet,  goldfinch,  siskin,  or  chaffinch.  These 
cases  are  evidently  exceptional,  and  are  not  such  as  generally  occur  in 
Nature;  and  they  only  prove  that  the  female  does  exert  some  choice 
between  very  different  males,  and  some  observation  on  birds  in  a  state 
of  Nature  prove  the  same  thing ;  but  there  is  no  evidence  that  slight 
variations  in  the  color  or  plumes,  in  the  way  of  increased  intensity  or 
complexity,  are  what  determines  the  choice.  O^  the  other  hand,  Mr. 
Darwin  gives  much  evidence  that  it  is  not  sc  determined.  He  tells 
ns  that  Messrs.  Hewitt,  Tegetmeier,  and  Brent,  three  of  the  highest 
authorities  and  best  observers,  "  do  not  believe  that  the  females  prefer 
certain  males  on  account  of  the  beauty  of  their  plumage."  Mr.  Hewitt 
was  convinced  "  that  the  female  almost  invariably  prefers  the  most 
vigorous,  defiant,  and  mettlesome  male";  and  Mr.  Tegetmeier,  "  that  a 
gamecock,  though  disfigured  by  being  dubbed,  and  with  his  hackles 
trimmed,  would  be  accepted  as  readily  as  a  male  retaining  all  his 
natural  ornaments."  *  Evidence  is  adduced  that  a  female  pigeon  will 
sometimes  take  an  antipathy  to  a  particular  male  without  any  assign- 
able cause ;  or,  in  other  cases,  will  take  a  strong  fancy  to  some  one 
bird,  and  will  desert  her  own  mate  for  him  ;  but  it  is  not  stated  that 
superiority  or  inferiority  of  plumage  has  anything  to  do  with  these 
fancies.  Two  instances  are  indeed  given  of  male  birds  being  rejected 
which  had  lost  their  ornamental  plumage ;  but  in  both  cases  (a  widow- 
finch  and  a  silver  pheasant)  the  long  tail-plumes  are  the  indication  of 
sexual  maturity.  Such  cases  do  not  support  the  idea  that  males  with 
the  tail-feathers  a  trifle  longer,  or  the  colors  a  trifle  brighter,  are 
generally  preferred,  and  that  those  which  are  only  a  little  inferior  are 
as  generally  rejected, —  and  this  is  what  is  absolutely  needed  to 
establish  the  theory  of  the  development  of  these  plumes  by  means  of 
tVie  choice  of  the  female. 

It  will  be  seen  that  female  birds  have  unaccountable  likes  and  dis- 
likes in  the  matter  of  their  partners,  just  as  ve  have  ourselves,  and 

*  Descent  of  Man,  pp.  417,  418,  420. 
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this  may  afford  us  an  illustration.  A  young  man,  when  courting, 
brushes  or  curls  his  hair,  and  has  his  moustache,  beard,  or  whiskers  in 
perfect  order,  and  no  doubt  his  sweetheart  admires  them  ;  but  this 
does  not  prove  that  she  marries  him  on  account  of  these  ornaments, 
still  less  that  hair,  beard,  whiskers,  and  moustache  were  developed  by 
the  continued  preferences  of  the  female  sex.  So,  a  girl  likes  to  see 
her  lover  well  and  fashionably  dressed,  and  he  always  dresses  as  well 
as  he  can  when  he  visits  her ;  but  we  can  not  conclude  from  this  that 
the  whole  series  of  male  costumes,  from  the  brilliantly  colored,  puffed, 
and  slashed  doublet  and  hose  of  the  Elizabethan  period,  through  the 
gorgeous  coats,  long  waistcoats,  and  pigtails  of  the  early  Georgian 
era,  down  to  the  funereal  dress-suit  of  the  present  day,  are  the  direct 
result  of  female  preference.  In  like  manner,  female  birds  may  be 
charmed  or  excited  by  the  fine  display  of  plumage  by  the  males ;  but 
there  is  no  proof  whatever  that  slight  differences  in  that  display  have 
any  effect  in  determining  their  choice  of  a  partner. 

Display  of  Decorative  Plumage. 

The  extraordinary  manner  in  which  most  birds  display  their  plu- 
mage at  the  time  of  courtship,  apparently  with  the  full  knowledge 
that  it  is  beautiful,  constitutes  one  of  Mr.  Darwin's  strongest  argu- 
ments. It  is,  no  doubt,  a  very  curious  and  interesting  phenomenon, 
and  indicates  a  connection  between  the  exertion  of  particular  muscles 
and  the  development  of  color  and  ornament ;  but,  for  the  reasons  just 
given,  it  does  not  prove  that  the  ornament  has  been  developed  by 
female  choice.  During  excitement,  and  when  the  organism  develops 
superabundant  energy,  many  animals  find  it  pleasurable  to  exercise 
their  various  muscles,  often  in  fantastic  ways,  as  seen  in  the  gambols 
of  kittens,  lambs,  and  other  young  animals.  But  at  the  time  of  pairing, 
male  birds  are  in  a  state  of  the  most  perfect  development,  and  possess 
an  enormous  store  of  vitality ;  and  under  the  excitement  of  the  sex- 
ual passion  they  perform  strange  antics  or  rapid  flights,  as  much 
probably  from  an  internal  impulse  to  motion  and  exertion  as  with  any 
desire  to  please  their  mates.  Such  are  the  rapid  descent  of  the  snipe, 
the  soaring  and  singing  of  the  lark,  and  the  dances  of  the  cock-of-the- 
rock  and  of  many  other  birds. 

It  is  very  suggestive  that  similar  strange  movements  are  performed 
by  many  birds  which  have  an  ornamental  plumage  to  display.  Goat- 
suckers, geese,  carrion  vultures,  and  many  other  birds  of  plain  plumage 
have  been  observed  to  dance,  spread  their  wings  or  tails,  and  perform 
strange  love-antics.  The  courtship  of  the  great  albatross,  a  most 
unwieldy  and  dull-colored  bird,  has  been  thus  described  by  Professor 
Mosely:  "The  male,  standing  by  the  female  on  the  nest,  raises  his 
wings,  spreads  his  tail  and  elevates  it,  throws  up  his  head  with  the  bill 
in  the  air,  or  stretches  it  straight  out,  or  forwards,  as  far  as  he  can, 
and  then  utters  a  curious  cry."  *  Mr.  Jenner  Weir  informs  me  that 
"  the  male  blackbird  is  full  of  action,  spreads  out  his  glossy  wing  and 
tail,  turns  his  rich  golden  beak  toward  the  female,  and  chuckles  with 
delight,"  while  he  has  never  seen  the  more  plain-colored  thrush  de- 
monstrative to  the  female.  The  linnet  distends  his  rosy  breast,  and 
slightly  expands  his  brown  wings  and  tail ;  while  the  various  gay- 
colored  Australian  finches  adopt  such  attitudes  and  postures  as,  in 

-  — 

*  Notet  of  a  XatwaUst  on  the  ChaUengw, 
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every  case,  to  show  off  their  variously  colored  plumage  to  the  beet 
advantage.* 

A  Theory   of  Animal  Coloration. 

Having  rejected  Mr.  Darwin's  theory  of  female  choice  as  incompe- 
tent to  account  for  the  brilliant  colors  and  markings  of  the  higher 
animals,  the  preponderance  of  these  colors  and  markings  in  the  male 
sex,  and  their  display  during  periods  of  activity  or  excitement,  I  may 
be  asked  what  explanation  I  have  to  offer  as  a  preferable  substitute. 
In  my  Tropical  Nature  I  have  already  indicated  such  a  theory,  which 
I  will  now  briefly  explain,  supporting  it  by  some  additional  facts  and 
arguments,  which  appear  to  me  to  have  great  weight,  and  for  which 
I  am  mainly  indebted  to  a  most  interesting  and  suggestive  posthu- 
mous work  by  Mr.  Alfred  Tylor.f 

The  fundamental  or  ground  colors  of  animals  are,  as  has  been 
shown  in  preceding  chapters,  very  largely  protective,  and  it  is  not  im- 
probable that  the  primitive  colors  of  all  animals  were  so.  During  the 
long  course  of  animal  development  other  modes  of  protection  than 
concealment  by  harmony  of  color  arose,  and  thenceforth  the  normal 
development  of  color  due  to  the  complex  chemical  and  structural 
changes  ever  going  on  in  the  organism  had  full  play ;  and  the  colors 
thus  produced  were  again  and  again  modified  by  natural  selection  for 
purposes  of  warning,  recognition,  mimicry,  or  special  protection,  as 
has  been  already  fully  explained  in  the  preceding  chapters. 

Mr.  Tylor  has,  however,  called  attention  to  an  important  principle 
which  underlies  the  various  patterns  or  ornamental  markings  of  ani- 
mals,—  namely,  that  diversified  coloration  follows  the  chief  lines  of 
structure,  and  changes  at  points,  such  as  the  joints,  where  function 
changes.  He  says,  "If  we  take  highly  decorated  species, —  that  is, 
animals  marked  by  alternate  dark  or  light  bands  or  spots,  such  as  the 
zebra,  some  deer,  or  the  carnivora,  we  find,  first,  that  the  region  of  the 
spinal  column  is  marked  by  a  dark  stripe ;  secondly,  that  the  regions  of 
the  appendages,  or  limbs,  are  differently  marked ;  thirdly,  that  the  flanks 
are  striped  or  spotted,  along  or  between  the  regions  of  the  lines  of  the 
ribs ;  fourthly,  that  the  shoulder  and  hip  regions  are  marked  by  curved 
lines ;  fifthly,  that  the  pattern  changes,  and  the  direction  of  the  lines, 
or  spots,  at  the  head,  neck,  and  every  joint  of  the  limbs ;  and  lastly, 
that  the  tips  of  the  ears,  nose,  tail,  and  feet,  and  the  eye  are  empha- 
sized in  color.  In  spotted  animals  the  greatest  length  of  the  spot  is 
generally  in  the  direction  of  the  largest  development  of  the  skeleton." 
This  structural  decoration  is  well  seen  in  many  insects.  In  cater- 
pillars, similar  spots  and  markings  are  repeated  in  each  segment, 
except  where  modified  for  some  form  of  protection.  In  butterflies, 
the  spots  and  bands  usually  have  reference  to  the  form  of  the  wing 
and  the  arrangement  of  the  nervures ;  and  there  is  much  evidence  to 
show  that  the  primitive  markings  are  always  spots  in  the  cells,  or 
between  the  nervures,  or  at  the  junctions  ,of  nervures,  the  extension 
and  coalescence  of  these  spots  forming  borders,  bands,  or  blotches, 
which  have  become  modified  in  infinitely  varied  ways  for  protection, 
warning,  or  recognition.  Even  in  birds,  the  distribution  of  colors  and 
markings  follows  generally  the  same  law.  The  crown  of  the  head,  the 
throat,  the  ear-coverts,  and  the  eyes  have  usually  distinct  tints  in  all 

*  Descent  of  Man,  pp.  401,  402. 

t  Coloration  in  Animals  and  Plants,  London,  1886. 
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highly  colored  birds ;  the  region  cf  the  furcula  has  often  a  distinct 
patch  of  color,  as  have  the  pectoral  muscles,  the  uropygium  or  root  of 
the  tail,  and  the  under  tail-coverts.* 

Mr.  Tylor  was  of  opinion  that  the  primitive  form  of  ornamentation 
consisted  of  spots,  the  confluence  of  these  in  certain  directions  forming 
lines  or  bands ;  and  these  again  sometimes  coalescing  into  blotches, 
or  into  more  or  less  uniform  tints  covering  a  large  portion  of  the  sur- 
face of  the  body.  The  young  lion  and  tiger  are  both  spotted  ;  and  in 
the  Java  hog  (Stts  vittatus)  very  young  animals  are  banded,  but  have 
spots  over  the  shoulders  aud  thighs.  These  spots  run  into  stripes  as 
the  animal  grows  older ;  then  the  stripes  expand,  and  at  last,  meeting 
together,  the  adult  animal  becomes  of  a  uniform  dark  brown  color. 
So  many  of  the  species  of  deer  are  spotted  when  young  that  Darwin 
concludes  the  ancestral  form,  from  which  all  deer  are  deiived,  must 
have  been  spotted.  Pigs  and  tapirs  are  banded  and  spotted  when 
voung ;  an  imported  young  specimen  of  Tapirus  Bairdi  was  covered 
vvith  white  spots  in  longitudinal  rows,  here  and  there  forming  short 
stripes,  f  Even  the  horse,  which  Darwin  supposes  to  be  descended 
from  a  striped  animal,  is  often  spotted,  as  in  dappled  horses ;  and 
great  numbers  show  a  tendency  to  spottiness,  especially  on  the 
haunches. 

Ocelli  may  also  be  developed  from  spots,  or  from  bars,  as  pointed 
out  by  Mr.  Darwin.  Spots  are  an  ordinary  form  of  marking  in  disease, 
and  these  spots  sometimes  run  together,  forming  blotches.  There  is 
evidence  that  color-markings  are  in  some  way  dependent  on  nerve- 
distribution.  In  the  disease  known  as  frontal  herpes,  an  eruption 
occurs  which  corresponds  exactly  to  the  distribution  of  the  ophthalmic 
division  of  the  fifth  cranial  nerve,  mapping  out  all  its  little  branches 
even  to  the  one  which  goes  to  the  tip  of  the  nose.  In  a  Hindoo  suf- 
fering from  herpes  the  pigment  was  destroyed  in  the  arm  along  the 
course  of  tbe  ulnar  nerve,  with  its  branches  along  both  sides  of  one 
finger  and  the  half  of  another.  In  the  leg  the  sciatic  and  scaphenous 
nerves  were  partly  mapped  out,  giving  to  the  patient  the  appearance 
of  an  anatomical  diagram.^ 

These  facts  are  very  interesting,  because  they  help  to  explain  the 
general  dependence  of  marking  on  structure  which  has  been  already 
pointed  out.  For,  as  the  nerves  everywhere  follow  the  muscles,  and 
these  are  attached  to  the  various  bones,  we  see  how  it  happens  that 
the  tracts  in  which  distinct  developments  of  color  appear  should  so 
often  be  marked  out  by  the  chief  divisions  of  the  bony  structure  in 
vertebrates,  and  by  the  segments  in  the  annulosa.  There  is,  however, 
another  correspondence  of  even  greater  interest  and  importance. 
Brilliant  colors  usually  appear  just  in  proportion  to  the  development 
of  tegumentary  appendages.  Among  birds  the  most  brilliant  colors  are 
possessed  by  those  which  have  developed  frills,  crests,  and  elongated 
tails  like  the  humming-birds ;  immense  tail-coverts  like  the  peacock ; 
enormously  expanded  wing-feathers,  as  in  the  argus-pheasant ;  or 
magnificent  plumes  from  the  region  of  the  coracoids  in  many  of  the 
birds-of-p<iradise.  It  is  to  be  notpd,  also,  that  all  these  accessory 
plumes  spring  from  parts  of  the  body  which,  in  other  species,  are  dis- 

*  Coloration  of  Animals,  PL  X,  p.  90;  and  Pis.  II,  III,  and  IV,  pp.  30,  40,  42. 
t  See  colored   Fig.  in  Proc.  Zobl.  Soc.,  1871,  p.  626. 

t  A.  Tylor's  Coloration,  p.  40:  and  Photograph  in  Hutchinson's  Illustrations 
Of  Clinical  Surgery,  quoted  by  Tylor. 
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languished  by  patches  of  color;  so  that  we  may  probably  iiuputo 
the  development  of  color  and  of  accessory  plumage  to  the  same 
fundamental  cause. 

Among  insects,  the  most  brilliant  and  varied  coloration  occurs  in 
the  butterflies  and  moths,  groups  in  which  the  wing-membranes  have 
received  their  greatest  expansion,  and  whose  specialization  has  been 
carried  furthest  in  the  marvelous  scaly  covering  which  is  the  seat  of 
the  color.  It  is  suggestive  that  the  only  other  group  in  which  functional 
wings  are  much  colored  is  that  of  the  dragonflies,  where  the  membrane 
is  exceedingly  expanded.  In  like  manner,  the  colors  of  beetles,  though 
greatly  inferior  to  those  of  the  lepidoptera,  occur  in  a  group  in  which 
the  anterior  pair  of  wings  has  been  thickened  and  modified  in  order  to 
protect  the  vital  parts,  and  in  which  these  wing-covers  (elytra),  in  the 
course  of  development  in  the  different  groups,  must  have  undergone 
great  changes,  and  have  been  the  seat  of  very  active  growth. 

The   Origin   of  Accessory  flumes. 

Mr.  Darwin  supposes  that  these  have  in  almost  every  case  been 
developed  by  the  preference  of  female  birds  for  such  males  as  pos- 
sessed them  in  a  higher  degree  than  others ;  but  this  theory  does  not 
account  for  the  fact  that  these  plumes  usually  appear  in  a  few  definite 
parts  of  the  body.  We  require  some  cause  to  imitate  the  development 
in  one  part  rather  than  in  another.  Now,  the  view  that  color  has  arisen 
over  surfaces  where  muscular  and  nervous  development  is  consider- 
able, and  the  fact  that  it  appears  especially  upon  the  accessory  or 
highly  developed  plumes,  leads  us  to  inquire  whether  the  same  cause 
has  not  primarily  determined  the  development  of  the  plumes.  The 
immense  tuft  of  golden  plumage  in  the  best-known  birds-of-paradise 
(Paradisea  apoda  and  P.  minor)  springs  from  a  very  small  area  on 
the  side  of  the  breast.  Mr.  Frank  E.  Beddard,  who  has  kindly  exam- 
ined a  specimen  for  me,  says  that  "  this  area  lies  upon  the  pectoral 
muscles,  and  near  to  the  point  where  the  fibers  of  the  muscle  converge 
toward  their  attachment  to  the  humerus.  The  plumes  arise,  therefore, 
close  to  the  most  powerful  muscle  of  the  body,  and  near  to  where  the 
activities  of  that  muscle  would  be  at  a  maximum.  Furthermore,  the 
area  of  attachment  of  the  plumes  is  just  above  the  point  where  the 
arteries  and  nerves  for  the  supply  of  the  pectoral  muscles  and  neigh- 
boring regions  leave  the  interior  of  the  body.  The  area  of  attach- 
ment of  the  plume  is,  also,  as  you  say  in  your  letter,  just  above  the 
junction  of  the  coracoid  and  sternum."  Ornamental  plumes  of  consider- 
able size  rise  from  the  same  part  in  many  other  species  of  paradise-birds, 
sometimes  extending  laterally  in  front  so  as  to  form  breast-shields. 
They  also  occur  in  many  humming-birds,  and  in  some  sunbirds  and 
honeysuckers ;  and  in  all  these  cases  there  is  a  wonderful  amount  of 
activity  and  rapid  movement,  indicating  a  surplus  of  vitality  which  is 
able  to  manifest  itself  in  the  development  of  these  accessory  plumes.* 

In  a  quite  distinct  set  of  birds,  the  gallinaceae,  we  find  the  orna- 
mental plumage  usually  arising  from  very  different  parts,  in  the  form 
of  elongated  tail-feathers  or  tail-coverts,  and  of  ruffs  or  hackles  from 
the  neck.  Here  the  wings  are  comparatively  little  used,  the  most 
constant  activities  depending  on  the  legs,  since  the  gallinacese  are 
pre-eminently  walking,  running,  and  scratching  birds.  Now,  the  mag- 

*  For  activity  and  pugnacity  of  humming-birds,  see  Tropical  Nature,  pp.  130,  213. 
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nificent  train  of  the  peacock — the  grandest  development  of  accessory 
plumes  in  this  order — springs  from  an  OTal  or  circular  area,  about 
three  inches  in  diameter,  just  above  the  base  of  the  tail,  and,  therefore, 
situated  over  the  lower  part  of  the  spinal  column  near  the  insertion  of 
the  powerful  muscles  which  move  the  limbs  and  elevate  the  tail. 
The  very  frequent  presence  of  neck- ruffs  or  breast-shields  in  the  males 
of  birds  with  accessory  plumes  may  be  partly  due  to  selection,  because 
they  must  serve  as  a  protection  iu  their  mutual  combats,  just  as  does 
the  lion's  or  the  horse's  mane.  The  enormously  lengthened  plumes  of 
the  bird-of-paradise  and  of  the  peacock  can,  however,  have  no  such  use, 
but  must  be  rather  injurious  than  beneficial  in  the  bird's  ordinary  life. 
The  fact  that  they  have  been  developed  to  so  great  an  extent  in  a  few 
species  is  an  indication  of  such  perfect  adaptation  to  the  conditions  of 
existence,  such  complete  success  in  the  battle  for  life,  that  there  is,  in 
the  adult  male  at  all  events,  a  surplus  of  strength,  vitality,  and  growth- 
power  which  is  able  to  expend  itself  in  this  way  without  injury.  That 
such  is  the  case  is  shown  by  the  great  abundance  of  most  of  the  spe- 
cies which  possess  these  wonderful  superfluities  of  plumage.  Birds- 
of-paradise  are  among  the  commonest  birds  of  New  Guinea,  and  their 
loud  voices  can  often  be  heard  when  the  birds  themselves  are  invisible 
in  the  depths  of  the  forest ;  while  Indian  sportsmen  have  described  the 
peafowl  as  being  so  abundant  that  from  twelve  to  fifteen  hundred  have 
been  seen  within  an  hour  at  one  spot ;  and  they  range  over  the  whole 
country  from  the  Himalayas  to  Ceylon.  Why,  in  allied  species,  the 
development  of  accessory  plumes  has  taken  different  forms  we  are 
unable  to  say,  except  that  it  may  be  due  to  that  individual  variability 
which  has  served  as  the  starting-point  for  so  much  of  what  seems  to 
us  strange  in  form,  or  fantastic  in  color,  both  in  the  animal  and  vege- 
table world. 

Development  of  Accessory  Plumes  and  their  Display. 

If  we  have  found  a  vera  causa  for  the  origin  of  ornamental  append- 
ages of  birds  and  other  animals  in  a  surplus  of  vital  energy,  leading  to 
abnormal  growths  in  those  parts  of  the  integument  where  muscular 
and  nervous  action  are  greatest,  the  continuous  development  of  these 
appendages  will  result  from  the  ordinary  action  of  natural  selection  in 
preserving  the  most  healthy  and  vigorous  individuals,  and  the  still 
further  selective  agency  of  sexual  struggle  in  giving  to  the  very  strong- 
est and  most  energetic  the  parentage  of  the  next  generation.  And,  as 
all  the  evidence  goes  to  show  that,  so  far  as  female  birds  exercise  any 
choice,  it  is  of  "the  most  vigorous,  defiant,  and  mettlesome  male,"  this 
form  of  sexual  selection  will  act  in  the  same  direction,  and  help  to 
carry  on  the  process  of  plume-development  to  its  culmination.  That 
culmination  will  be  reached  when  the  excessive  length  or  abundance 
of  the  plumes  begins  to  be  injurious  to  the  bearer  of  them ;  and  it  may 
be  this  check  to  the  further  lengthening  of  the  peacock's  train  that  has 
led  to  the  broadening  of  the  feathers  at  the  ends,  and  the  consequent 
production  of  the  magnificent  eye-spots  which  now  form  its  crowning 
ornament. 

The  display  of  these  plumes  will  result  from  the  same  causes  which 
led  to  their  production.  Just  in  proportion  as  the  feathers  them- 
aelve  increased  in  length  and  abundance,  the  skin-muscles  which 
serve  to  elevate  them  would  increase  also ;  and  the  nervous  develop- 
ment as  well  as  the  supply  of  blood  to  these  parts  being  at  ft 
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maximum,  the  erection  of  the  plumes  would  become  a  habit  at  all 
periods  of  nervous  or  sexual  excitement.  The  display  of  the  plumes, 
like  the  existence  of  the  plumes  themselves,  would  be  the  chief  external 
indication  of  the  maturity  and  vigor  of  the  male,  and  would,  therefore, 
be  necessarily  attractive  to  the  female.  We  have  thus  no  reason  for 
imputing  to  her  any  of  those  aesthetic  emotions  which  are  excited  in 
us  by  the  beauty  of  form,  color,  and  pattern  of  these  plumes  ;  or  the 
still  more  improbable  aesthetic  tastes  which  would  cause  her  to 
choose  her  mate  on  account  of  minute  differences  in  their  forms, 
colors,  or  patterns. 

As  co-operating  causes  in  the  production  of  accessory  ornamental 
plumes,  I  have  elsewhere  suggested  *  that  crests  and  other  erectile 
feathers  may  have  been  useful  in  making  the  bird  more  formidable  in 
appearance,  and  thus  serving  to  frighten  away  enemies ;  while  long 
tail-  or  wing-feathers  might  serve  to  distract  the  aim  of  a  bird  of  prey. 
But  though  this  might  be  of  some  use  in  the  earlier  stages  of  their 
development,  it  is  probably  of  little  importance  compared  with  the 
vigor  and  pugnacity  of  which  the  plumes  are  the  indication,  and  which 
enable  most  of  their  possessers  to  defend  themselves  against  the 
enemies  which  are  dangerous  to  weaker  and  more  timid  birds.  Even 
the  tiny  humming-birds  are  said  to  attack  birds  of  prey  that  approach 
too  near  to  their  nests. 

The  Effect  of  Female,  Preference  will  be  Neutralized  by 

Natural  Selection. 

The  various  facts  and  arguments  now  briefly  set  forth  afford  an 
explanation  of  the  phenomena  of  male  ornament,  as  being  due  to  the 
general  laws  of  growth  and  development,  and  make  it  unnecessary  to 
call  to  our  aid  so  hypothetical  a  cause  as  the  cumulative  action  of 
female  preference.  There  remains,  however,  a  general  argument, 
arising  from  the  action  of  natural  selection  itself,  which  renders  it 
almost  inconceivable  that  female  preference  could  have  been  effective 
in  the  way  suggested ;  while  the  same  argument  strongly  supports  the 
view  here  set  forth.  Natural  selection,  as  we  have  seen  in  our  earlier 
chapters,  acts  perpetually  and  on  an  enormous  scale  in  weeding  out 
the  "  unfit "  at  every  stage  of  existence,  and  preserving  only  those 
which  are  in  all  respects  the  very  best.  Each  year,  only  a  small  per- 
centage of  young  birds  survive  to  take  the  place  of  the  old  birds  which 
die ;  and  the  survivers  will  be  those  which  are  best  able  to  maintain 
existence  from  the  egg  onwards,  an  important  factor  being  that  their 
parents  should  be  well  able  to  feed  and  protect  them,  while  they 
themselves  must  in  turn  be  equally  able  to  feed  and  protect  their  own 
offspring.  Now  this  extremely  rigid  action  of  natural  selection  must 
render  any  attempt  to  select  mere  ornament  utterly  nugatory,  unless 
the  most  ornamented  always  coincide  with  "  the  fittest "  in  every  other 
respect;  while,  if  they  do  so  coincide,  then  any  selection  of  ornament 
is  altogether  superfluous.  If  the  most  brightly  colored  and  fullest 
plumaged  males  are  not  the  most  healthy  and  vigorous,  have  not  the 
best  instincts  for  the  proper  construction  and  concealment  of  the 
nest,  and  for  the  care  and  protection  of  the  young,  they  are  certainly 
not  the  fittest,  and  will  not  survive,  or  be  the  parents  of  survivers. 
If,  on  the  other  hand,  there  is  generally  this  correlation, —  if,  as  has 

*  Tropical  Nature,  p.  209.   In  Chapter  V.  of  this  work  the  views  here  advocated 
first  set  forth,  and  the  reader  is  referred  there  for  further  details. 
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been  here  argued,  ornament  is  the  natural  product  and  direct  out 
come  of  superabundant  health  and  vigor,  then  no  other  mode  of 
selection  is  needed  to  account  for  the  presence  of  such  ornament. 
The  action  of  natural  selection  does  not  indeed  disprove  the  existence 
of  female  selection  of  ornament  as  ornament,  but  it  renders  it  entirely 
ineffective ;  and  as  the  direct  evidence  for  any  such  female  selection 
is  almost  nil,  while  the  objections  to  it  are  certainly  weighty,  there 
can  be  no  longer  any  reason  for  upholding  a  theory  which  was  pro- 
visionally useful  in  calling  attention  to  a  most  curious  and  suggestive 
body  of  facts,  but  which  is  now  no  longer  tenable. 

The  term  "  sexual  selection  "  must,  therefore,  be  restricted  to  the 
direct  results  of  male  struggle  and  combat.  This  is  really  a  form  of 
natural  selection,  and  is  a  matter  of  direct  observation;  while  its 
results  are  as  clearly  deducible  as  those  of  any  of  the  modes  in  which 
selection  acts.  And  if  this  restriction  of  the  term  is  needful  in  the  case 
of  the  higher  animals  it  is  much  more  so  with  the  lower.  In  butter- 
flies the  weeding  out  by  natural  selection  takes  place  to  an  enormous 
extent  in  the  egg,  larva,  and  pupa  states ;  and  perhaps  not  more  than 
one  in  a  hundred  of  the  eggs  laid  produces  a  perfect  insect  which 
lives  to  breed.  Here,  then,  the  impotence  of  female  selection,  if  it 
exist,  must  be  complete ;  for,  unless  the  most  brilliantly  colored  males 
are  those  which  produce  the  best-protected  eggs,  larvae,  and  pupae, 
and  unless  the  particular  eggs,  larvae,  and  pupae,  which  are  able  to 
survive,  are  those  which  produce  the  most  brilliantly  colored  butter- 
flies, any  choice  the  female  might  make  must  be  completely  swamped. 
If,  on  the  other  hand,  there  is  this  correlation  between  color-develop- 
ment and  perfect  adaptation  to  conditions  in  all  stages,  then  this 
development  will  necessarily  proceed  by  the  agency  of  natural 
selection  and  the  general  laws  which  determine  the  production  of 
color  and  of  ornamental  appendages.* 

General  Laws   of  Animal  Coloration. 

The  condensed  account  which  has  now  been  given  of  the  phenomena 
of  color  in  the  animal  world  will  sufficiently  show  the  wonderful 
complexity  and  extreme  interest  of  the  subject ;  while  it  affords  an 

*  The  Rev.  O.  Pickard-Cambridge,  who  has  devoted  himself  to  the  study  of 
spiders,  has  kindly  sent  me  the  following  extract  from  a  letter,  written  in  1869, 
in  which  he  states  his  views  on  this  question: — 

"I  myself  doubt  that  particular  application  of  the  Darwinian  theory  which 
attributes  male  peculiarities  of  form,  structure,  color,  and  ornament  to  female 
appetency  or  predilection.  There  is,  it  seems  to  me,  undoubtedly  something  in 
the  male  organization  of  a  special  and  sexual  nature  which,  of  its  own  vital 
force,  develops  the  remarkable  male  peculiarities  so  commonly  seen,  and  of  no 
imaginable  use  to  that  sex.  In  as  far  as  these  peculiarities  show  a  great  vital 
power,  they  point  out  to  us  the  finest  and  strongest  individuals  of  the  sex,  and 
show  us  which  of  them  would  most  certainly  appropriate  to  themselves  the  best 
and  greatest  number  of  females,  and  leave  behind  them  the  strongest  and  greatest 
number  of  progeny.  And  here  would  come  in,  as  it  appears  to  me,  the  proper 
application  of  Darwin's  theory  of  Natural  Selection ;  for  the  possessors  of  greatest 
vital  power  being  those  most  frequently  produced  and  reproduced,  the  external 
signs  of  it  would  go  on  developing  in  an  ever-increasing  exaggeration,  only  to 
be  checked  where  it  became  really  detrimental  in  some  respect  or  other  to  the 
individual." 

This  passage,  giving  the  independent  views  of  a  close  observer, —  one,  more- 
over, who  has  studied  the  species  of  an  extensive  group  of  animals  both  in  the 
field  and  in  the  laboratory. — very  nearly  accords  with  my  own  conclusions  above 
given ;  and,  so  far  as  the  matured  opinions  of  a  competent  naturalist  have  any 
weight,  afford  them  an  important  support. 
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admirable  illustration  of  the  importance  of  the  great  principle  of 
utility,  and  of  the  effect  of  the  theories  of  natural  selection  and 
development  in  giving  a  new  interest  to  the  most  familiar  facts  of 
Nature.  Much  yet  remains  to  be  done,  both  in  the  observation  of 
new  facts  as  to  the  relations  between  the  color  of  animals  and  their 
habits  or  economy,  and,  more  especially,  in  the  elucidation  of  the  laws 
of  growth  which  determine  changes  of  color  in  the  various  groups ; 
but  so  much  is  already  known  that  we  are  able,  with  some  confidence, 
to  formulate  the  general  principles  which  have  brought  about  all  the 
beauty  and  variety  of  color  which  everywhere  delight  us  in  our  con- 
templation of  animated  Nature.  A  brief  statement  of  these  principles 
will  fitly  conclude  our  exposition  of  the  subject. 

1.  Color  may  be  looked  upon  as  a  necessary  result  of  the  highly 
complex  chemical  constitution  of  animal  tissues  and  fluids.   The  blood, 
the  bile,  the  bones,  the  fat,  and  other  tissues,  have  characteristic  and 
often  brilliant  colors,  which  we  can  not  suppose  to  have  been  de- 
termined for  any  special   purpose  as  colors,  since  they  are  usually 
concealed.     The  external  organs,  with  their  various  appendages  and 
integuments,  would,  by  the  same  general  laws,  naturally  give  rise  to  a 
greater  variety  of  color. 

2.  We  find  it  to  be  the  fact  that  color  increases  in  variety  and 
intensity  as  external  structures  and  dermal  appendages  become  more 
differentiated  and  developed.     It  is  on  scales,  hair,  and  especially  on 
the  more  highly  specialized  feathers,  that  color  is  most  varied  and 
beautiful ;  while  among  insects  color  is  most  fully  developed  in  those 
whose  wing-membranes  are  most  expanded,  and,  as  in  the  lepidoptera, 
are  clothed  with  highly  specialized  scales.     Here,  too,  we  find  an 
additional  mode  of  color-production  in  transparent  lamellae  or  in  fine 
surface-striae  which,  by  the  laws  of  interference,  produce  the  wonderful 
metallic  hues  of  so  many  birds  and  insects. 

3.  There  are  indications  of  a  progressive  change  of  color,  perhaps 
in  some  definite  order,  accompanying  the  development  of  tissues  or 
appendages.     Thus  spots  spread  and  fuse  into  bands,  and  when  a 
lateral  or  centrifugal  expansion  has  occurred, —  as  in  the  termination 
of   the  peacock's  train-feathers,  the  outer  web  of  the  secondary  quills 
of  the  argus    pheasant,  or  the  broad  and  rounded  wings  of  many 
butterflies, —  into  variously  shaded  or  colored  ocelli.    The  fact  that  we 
find  gradations  of  color  in  many  of  the  more  extensive  groups,  from 
comparatively  dull  or  simple  to  brilliant  and  varied  hues,  is  an  indica- 
tion of  some  such  law  of  development,  due  probably  to  progressive 
local  segregation  in  the  tissues  of  identical  chemical  or  organic  mole- 
cules, and  dependent  on  laws  of  growth  yet  to  be  investigated. 

4.  The  colors  thus  produced,  and  subject  to  much  individual  varia- 
tion, have  been  modified  in  innumerable  ways  for  the  benefit  of  each 
species.    The  most  general  modification  has  been  in  such  directions  as 
to  favor  concealment  when  at  rest  in  the  usual  surroundings  of  the  spe- 
cies, sometimes  carried  on  by  successive  steps  till  it  has  resulted  in 
the  most  minute  imitation  of 'some  inanimate  object  or  exact  mimicry 
of  some  other  animal.     In  other  cases  bright  colors  or  striking  con- 
trasts have  been  preserved,  to  serve  as  a  warning  of  inedibility  or  of 
dangerous  powers  of  attack.  Most  frequent  of  all  has  been  the  speciali- 
zation of  each  distinct  form  by  some  tint  or  marking  for  purposes  of 
easy  recognition,  especially  in  the  case  of  gregarious  animals  whose 
safety  largely  depends  upon  association  and  mutual  defense. 
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5.  As  a  general  rule  the  colors  of  the  two  sexes  are  alike ;  but  in 
the  higher  animals  there  is  a  tendency  to  deeper  or  more  intense  col- 
oring in  the  male,  due  probably  to  his  greater  vigor  and  excitability. 
In  many  groups  in  which  this  superabundant  vitality  is  at  a  maximum, 
the  development  of  dermal  appendages  and  brilliant  colors  has  gone 
on  increasing  till  it  has  resulted  in  a  great  diversity  between  the  sexes ; 
and  in  most  of  these  cases  there  is  evidence  to  show  that  natural 
selection  has  caused  the  female  to  retain  the  primitive  and  more  sober 
colors  of  the  group  for  purposes  of  protection. 

Concluding  Remarks. 

The  general  principles  of  color-development  now  sketched  out 
enable  us  to  give  some  rational  explanation  of  the  wonderful  amount 
of  brilliant  color  which  occurs  among  tropical  animals.  Looking  on 
color  as  a  normal  product  of  organization,  which  has  either  been 
allowed  free  play  or  has  been  checked  and  modified  for  the  benefit  of 
the  species,  we  can  see  at  once  that  the  luxuriant  and  perennial  vege- 
tation of  the  tropics,  by  affording  much  more  constant  means  of  con- 
cealment, has  rendered  brilliant  color  less  hurtful  there  than  in  the 
temperate  and  colder  regions.  Again,  this  perennial  vegetation  sup- 
plies abundance  of  both  vegetable  and  insect  food  throughout  the  year, 
and  thus  a  greater  abundance  and  greater  variety  of  the  forms  of  life 
are  rendered  possible  than  where  recurrent  seasons  of  cold  and  scarcity 
reduce  the  possibilities  of  life  to  a  minimum.  Geology  furnishes  us 
with  another  reason,  in  the  fact  that  throughout  the  tertiary  period 
tropical  conditions  prevailed  far  into  the  temperate  regions,  so  that 
the  possibilities  of  color-development  were  still  greater  than  they  are 
at  the  present  time.  The  tropics,  therefore,  present  to  us  the  results 
of  animal  development  in  a  much  larger  area  and  under  more  favor- 
able conditions  than  prevail  today.  We  see  in  them  samples  of  the 
productions  of  an  earlier  and  a  better  world,  from  an  animal  point  of 
view;  and  this  probably  gives  a  greater  variety  and  a  finer  display  of 
color  than  would  have  been  produced  had  conditions  always  been  what 
they  are  now.  The  temperate  zones,  on  the  other  hand,  have  recently 
suffered  the  effects  of  a  glacial  period  of  extreme  severity, with  the  result 
that  almost  the  only  gay-colored  birds  they  now  possess  are  summer 
visitors  from  tropical  or  sub-tropical  lands.  It  is  to  the  unbroken  and  al- 
most unchecked  course  of  development  from  remote  geological  times 
that  has  prevailed  in  the  tropics,  favored  by  abundant  food  and  perennial 
shelter,  that  we  owe  such  superb  developments  as  the  frills  and  crests 
and  jeweled  shields  of  the  humming-birds,  the  golden  plumes  of  the 
birds-of-paradise,  and  the  resplendent  train  of  the  peacock.  This  last 
exhibits  to  us  the  culmination  of  that  marvel  and  mystery  of  animn  1 
color  which  is  so  well  expressed  by  a  poet-artist  in  the  following  lines. 
The  marvel  will  ever  remain  to  the  sympathetic  student  of  Nature : 
but  I  venture  to  hope  that  in  the  preceding  chapters  I  have  succeeded 
in  lifting — if  only  by  one  of  the  corners — the  veil  of  mystery  which 
has  for  lonef  shrouded  this  department  of  Nature. 

On  a  Peacocks  Feather. 

In  Nature's  workshop  but  a  shaving, 

Of  her  poem  but  a  word, 
But  a  tint  brash  ed  from  her  palett«, 

This  feather  of  a  bird! 
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Yet  set  it  in  the  sun-glance, 

Display  it  in  the  shine, 
Take  graver's  lens,  explore  it, 

Note  filament  and  line, 
Mark  amethyst  to  sapphire, 

And  sapphire  to  gold, 
And  gold  to  emerald  changing 

The  archetype  unfold! 
Tone,  tint,  thread,  tissue,  texture, 

Through  every  atom  scan, 
Conforming  still,  developing, 

Obedient  to  plan. 
This  but  to  form  a  pattern 

On  the  garment  of  a  bird! 
"What  then  must  be  the  poem, 

This  but  its  lightest  word! 
Sit  before  it,  ponder  o'er  it, 

'Twill  thy  mind  advantage  more 
Than  a  treatise,  than  a  sermon, 

Than  a  library  of  lore. 
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CHAPTER    XI. 
THE  SPECIAL  COLOES  OF  PLANTS:  THEIE  OEIGIN  AND  PUEPOSE. 

The  general  color-relations  of  plants. —  Colors  of  fruits. —  The  meaning  of  nuts. 
Edible  or  attractive  fruits. — The  colors  of  flowers. — Modes  of  securing  cross- 
fertilization. —  The  interpretation  of  the  facts. —  Summary  of  additional  facts 
bearing  on  insect-fertilization. —  Fertilization  of  flowers  by  birds. —  Self- 
fertilization  of  flowers. —  Difficulties  and  contradictions. —  Intercrossing  not 
necessarily  advantageous. —  Supposed  evil  results  of  close  interbreeding. — 
How  the  struggle  for  existence  acts  among  flowers. —  Flowers  the  product  of 
insect-agency. —  Concluding  remarks  on  color  in  Nature. 

The  colors  of  plants  are  both  less  definite  and  less  complex  than 
are  those  of  animals,  and  their  interpretation  on  the  principle  of  utility 
is,  on  the  whole,  more  direct  and  more  easy.  Yet  here,  too,  we  find 
that  in  our  investigation  of  the  uses  of  the  various  colors  of  fruits  and 
flowers  we  are  introduced  to  some  of  the  most  obscure  recesses  of 
Nature's  workshop,  and  are  confronted  with  problems  of  the  deepest 
interest  and  of  the  utmost  complexity. 

So  much  has  been  written  on  this  interesting  subject  since  Mr. 
Darwin  first  called  attention  to  it,  and  its  main  f;icts  have  become  so 
generally  known  by  means  of  lectures,  articles,  and  popular  books,  that 
I  shall  give  here  a  mere  outline-sketch,  for  the  purpose  of  leading  up 
to  a  discussion  of  some  of  the  more  fundamental  problems  which  arise 
out  of  the  facts,  and  which  have  hithei'to  received  less  attention  than 
they  deserve. 

The   General  Color  Relations  of  Plants. 

The  green  color  of  the  foliage  of  leafy  plants  is  due  to  the  existence 
of  a  substance  called  chlorophyll,  which  is  almost  universally  devel- 
oped in  the  leaves  under  the  action  of  light.  It  is  subject  to  definite 
chemical  changes  during  the  processes  of  growth  and  of  decay,  and  it 
is  owing  to  these  changes  that  we  have  the  delicate  tints  of  spring 
foliage,  and  the  more  varied,  intense,  and  gorgeous  hues  of  autumn. 
But  these  all  belong  to  the  class  of  intrinsic  or  normal  colors,  due  to 
the  chemical  constitution  of  the  organism;  as  colors  they  are  unadapt- 
ive,and  appear  to  have  no  more  relation  to  the  well-being  of  the  plants 
themselves  than  do  the  colors  of  gems  and  minerals.  We  may  also 
include  in  the  same  category  those  algse  and  fungi  which  have  bright 
colors — the  "red  snow"  of  the  arctic  regions;  the  red,  green,  or  purple 
seaweeds;  the  brilliant  scarlet,  yellow,  white,  or  black  agarics;  and 
other  fungi.  All  these  colors  are  probably  the  direct  results  of  chemi- 
cal composition  or  molecular  structure,  and,  being  thus  normal  products 
of  the  vegetable  organism,  need  no  special  explanation  from  our 
present  point  of  view ;  and  the  same  remark  will  apply  to  the  varied 
tints  of  the  bark  of  trunks,  branches,  and  twigs,  which  are  often  of 
various  shades  of  brown  and  green,  or  even  vivid  reds  or  yellows. 

There  are,  however,  a  few  cases  in  which  the  need  of  protection, 
which  we  have  found  to  be  so  important  an  agency  in  modifying  the 
colors  of  animals,  has  also  determined  those  of  some  of  the  smaller 
members  of  the  vegetable  kingdom.  Dr.  Burchell  found  a  mesembryan- 
themnm  in  South  Africa  like  a  curiously  shaped  pebble,  closely  resem- 
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bling  the  stones  among  which  it  grew ;  *  and  Mr.  J.  P.  Mansel  Weale 
states  that  in  the  same  country  one  of  the  AsclepiadeoB  has  tubers 
growing  above  ground  among  stones  which  they  exactly  resemble,  and 
that,  when  not  in  leaf,  they  are  for  this  reason  quite  invisible,  f  It  is 
clear  that  such  resemblances  must  be  highly  useful  in  these  plants, 
inhabiting  an  arid  country  abounding  in  herbivorous  mammalia,  which, 
in  times  of  drought  or  scarcity,  will  devour  everything  in  the  shape  of 
a  fleshy  stem  or  tuber. 

True  mimicry  is  very  rare  in  plants,  though  adaptation  to  like 
conditions  often  produces  in  foliage  and  habit  a  similarity  that  is 
deceiving.  Euphorbias  growing  in  deserts  often  closely  resemble 
cacti.  Seaside  plants  and  high  alpine  plants  of  different  orders  are 
often  much  alike ;  and  innumerable  resemblances  of  this  kind  are 
recorded  in  the  names  of  plants,  as  Veronica  epacridea  (the  veronica 
like  an  epacris),  Limnanthemum  nymphceoides  (the  limnanthemum 
like  a  nymphcea),  the  resembling  species  in  each  case  belonging  to 
totally  distinct  families.  But  in  these  cases,  and  in  most  others  that 
have  been  observed,  the  essential  features  of  true  mimicry  are  absent, 
inasmuch  as  the  one  plant  can  not  be  supposed  to  derive  any  benefit 
from  its  close  resemblance  to  the  other,  and  this  is  still  more  certain 
from  the  fact  that  the  two  species  usually  inhabit  different  localities. 
A  few  cases  exist,  however,  in  which  there  does  seem  to  be  the  neces- 
sary accordance  and  utility.  Mr.  Mansel  Weale  mentions  a  labiate 
plant  (Ajuga  ophrydis),  the  only  species  of  the  genus  Ajuga  in  South 
Africa,  which  is  strikingly  like  an  orchid  of  the  same  country ;  while  a 
balsam  (Impatiens  capensis),  also  a  solitary  species  of  the  genus  in 
that  country,  is  equally  like  an  orchid,  growing  in  the  same  locality 
and  visited  by  the  same  insects.  As  both  these  genera  of  plants  are 
specialized  for  insect-fertilization,  and  both  of  the  plants  in  question 
are  isolated  species  of  their  respective  genera,  we  may  suppose  that 
when  they  first  reached  South  Africa  they  were  neglected  by  the 
insects  of  the  country;  but,  being  both  remotely  like  orchids  in  form 
of  flower,  those  varieties  that  approached  nearest  to  the  familiar 
species  of  the  country  were  visited  by  insects  and  cross-fertilized,  and 
thus  a  closer  resemblance  would  at  length  be  brought  about.  Another 
case  of  close  general  resemblance  is  that  of  our  common  white  dead- 
nettle  (Lamium  alburn)  to  the  stinging-nettle  ( Urtica  dioica) ;  and 
Sir  John  Lubbock  thinks  that  this  is  a  case  of  true  mimicry,  the  dead- 
nettle  being  benefited  by  being  mistaken  by  grazing  animals  for  the 
stinging-nettle.J 

Colors   of  Fruits. 

It  is  when  we  come  to  the  essential  parts  of  plants  on  which  their 
perpetuation  and  distribution  depend  that  we  find  color  largely 
utilized  for  a  distinct  purpose  in  flowers  and  fruits.  In  the  former 
we  find  attractive  colors  and  guiding  marks  to  secure  cross-fertilization 
by  insects  ;  in  the  latter  attractive  or  protective  coloration,  the  first 
to  attract  birds  or  other  animals  when  the  fruits  are  intended  to  be 
eaten,  the  second  to  enable  them  to  escape  being  eaten  when  it  would 
be  injurious  to  the  species.  The  color-phenomena  of  fruits  being  much 
the  most  simple  will  be  considered  first. 

The  perpetuation  and  therefore  the  very  existence  of  each  species 
of  flowering  plant  depend  upon  its  seeds  being  preserved  from 

*  Burchell's  Travels,  vol.  i.  p.  10.  t  Nature,  vol.  iii.  p.  507. 

IFloicers,  Fruits,  and  Leaves,  p.  128  (Fig.  79). 
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destruction  and  more  or  less  effectually  dispersed  over  a  considerable 
area.  The  dispersal  is  effected  either  mechanically  or  by  the  agency 
of  animals.  Mechanical  dispersal  is  chiefly  by  means  of  air-currents, 
and  large  numbers  of  seeds  are  specially  adapted  to  be  so  carried, 
either  by  being  clothed  with  down  or  pappus,  as  in  the  well-known 
thistle  and  dandelion  seeds ;  by  having  wings  or  other  appendages,  as 
in  the  sycamore,  birch,  and  many  other  trees ;  by  being  thrown  to  a 
considerable  distance  by  the  splitting  of  the  seed-vessel,  and  by 
many  other  curious  devices.*  Very  large  numbers  of  seeds,  however, 
are  so  small  and  light  that  they  can  be  carried  enormous  distances  by 
gales  of  wind,  more  especially  as  most  of  this  kind  are  flattened  or 
curved  so  as  to  expose  a  large  surface  in  proportion  to  their  weight. 
Those  which  are  carried  by  animals  have  their  surfaces,  or  that  of  the 
seed-vessel,  armed  with  minute  hooks,  or  some  prickly  covering 
which  attaches  itself  to  the  hair  of  mammalia  or  the  feathers  of  birds, 
as  in  the  burdock,  cleavers,  and  many  other  species.  Others  again 
are  sticky,  as  in  Plumbago  europcea,  mistletoe,  and  many  foreign 
plants. 

All  the  seeds  or  seed-vessels  which  are  adapted  to  be  dispersed  in 
any  of  these  ways  are  of  dull  protective  tints,  so  that  when  they  fall 
on  the  ground  they  are  almost  indistinguishable ;  besides  which,  they 
are  usually  small,  hard,  and  altogether  unattractive,  never  having  any 
soft,  juicy  pulp ;  while  the  edible  seeds  often  bear  such  a  small  pro- 
portion to  the  hard,  dry  envelopes  or  appendages,  that  few  animals 
would  care  to  eat  them. 

The  Meaning  of  Nuts. 

There  is,  however,  another  class  of  fruits  or  seeds,  usually  termed 
nuts,  in  which  there  is  a  large  amount  of  edible  matter,  often  very 
agreeable  to  the  taste,  and  especially  attractive  and  nourishing  to  a 
large  number  of  animals.  But  when  eaten,  the  seed  is  destroyed  and 
the  existence  of  the  species  endangered.  It  is  evident,  therefore,  that 
it  is  by  a  kind  of  accident  that  these  nuts  are  eatable ;  and  that  they 
are  not  intended  to  be  eaten  is  shown  by  the  special  care  Nature 
seems  to  have  taken  to  conceal  or  to  protect  them.  We  see  that  all 
our  common  nuts  are  green  when  on  the  tree,  so  as  not  easily  to  be 
distinguished  from  the  leaves;  but  when  ripe  they  turn  brown,  so  that 
when  they  fall  on  the  ground  they  are  equally  undistinguishable 
among  the  dead  leaves  and  twigs,  or  on  the  brown  earth.  Then  they 
are  almost  always  protected  by  hard  coverings,  as  in  hazel-nuts,  which 
are  concealed  by  the  enlarged  leafy  involucre,  and  in  the  large  tropical 
brazil-nuts  and  cocoa-nuts  by  such  a  hard  and  tough  case  as  to  be  safe 
from  almost  every  animal.  Others  have  an  external  bitter  rind,  as  in 
the  walnut ;  while  in  the  chestnuts  and  beechnuts  two  or  three  fruits 
are  inclosed  in  a  prickly  involucre. 

Notwithstanding  all  these  precautions,  nuts  are  largely  devoured 
by  mammalia  and  birds ;  but  as  they  are  chiefly  the  product  of  trees 
or  shrubs  of  considerable  longevity,  and  are  generally  produced  in 
great  profusion,  the  perpetuation  of  the  species  is  not  endangered.  In 
some  cases  the  devourers  of  nuts  may  aid  in  their  dispersal,  as  they 
probably  now  and  then  swallow  the  seed  whole,  or  not  sufficiently 
crushed  to  prevent  germination ;  while  squirrels  have  been  observed  to 

*  For  a  popular  sketch  of  these,  see  Sir  J.  Lubbock's  Flowers,  Fruitt.  and 
Leave*,  or-  any  general  botanical  work. 
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bury  nuts,  many  of  which  are  forgotten  and  afterwards  grow  in  places 
they  could  not  have  otherwise  reached.*  Nuts,  especially  the  larger 
kinds  which  are  so  well  protected  by  their  hard,  nearly  globular 
cases,  have  their  dispersal  facilitated  by  rolling  down  hill,  and  more 
especially  by  floating  in  rivers  and  lakes,  and  thus  reaching  other 
localities.  During  the  elevation  of  land-areas  this  method  would  be 
very  effective,  as  the  new  land  would  always  be  at  a  lower  level  than 
that  already  covered  with  vegetation,  and  therefore  in  the  best  position 
for  being  stocked  with  plants  from  it. 

The  other  modes  of  dispersal  of  seeds  are  so  clearly  adapted  to 
their  special  wants  that  we  feel  sure  they  must  have  been  acquired  by 
the  process  of  variation  and  natural  selection.  The  hooked  and  sticky 
seeds  are  always  those  of  such  herbaceous  plants  as  are  likely,  from 
their  size,  to  come  in  contact  with  the  wool  of  sheep  or  the  hair  of 
cattle ;  while  seeds  of  this  kind  never  occur  on  forest-trees,  on  aquatic 
plants,  or  even  on  very  dwarf  creepers  or  trailers.  The  winged  seed- 
vessels  or  seeds,  on  the  other  hand,  mostly  belong  to  trees  and  to  tall 
shrubs  or  climbers.  We  have,  therefore,  a  very  exact  adaptation  to 
conditions  in  these  different  modes  of  dispersal ;  while,  when  we  come 
to  consider  individual  cases,  we  find  innumerable  other  adaptations, 
some  of  which  the  reader  will  find  described  in  the  little  work  by  Sit 
John  Lubbock  already  referred  to. 

Edible  or  Attractive  Fruits. 

It  is,  however,  when  we  come  to  true  fruits  (in  a  popular  sense) 
that  we  find  varied  colors  evidently  intended  to  attract  animals  in 
order  that  the  fruits  may  be  eaten,  while  the  seeds  pass  through  the 
body  undigested  and  are  then  in  the  fittest  state  for  germination. 
This  end  has  been  gained  in  a  great  variety  of  ways,  and  with  so  many 
corresponding  adaptations  as  to  leave  no  doubt  as  to  the  value  of  the 
result.  Fruits  are  pulpy  or  juicy,  and  usually  sweet,  and  form  the 
favorite  food  of  innumerable  birds  and  some  mammals.  They  are 
always  colored  so  as  to  contrast  with  the  foliage  or  surroundings,  red 
being  the  most  common  as  it  is  certainly  the  most  conspicuous  color, 
but  yellow,  purple,  black,  or  white  being  not  uncommon.  The  edible 
portion  of  fruits  is  developed  from  different  parts  of  the  floral  envelopes, 
or  of  the  ovary,  in  the  various  orders  and  genera.  Sometimes  the  calyx 
becomes  enlarged  and  fleshy,  as  in  the  apple  and  pear  tribe;  more 
often  the  integuments  of  the  ovary  itself  are  enlarged,  as  in  the  plum, 
peach,  grape,  etc. ;  the  receptacle  is  enlarged  and  forms  the  fruit  of 
the  strawberry;  while  the  mulberry,  pineapple,  and  fig  are  examples 
of  compound  fruits  formed  in  various  ways  from  a  dense  mass  of 
flowers. 

In  all  cases  the  seeds  themselves  are  protected  from  injury  by  vari- 
ous devices.  They  are  small  and  hard  in  the  strawberry,  raspberry, 
currant,  etc.,  and  are  readily  swallowed  among  the  copious  pulp,  in 
the  grape  they  are  hard  and  bitter;  in  the  rose  (hip)  disagreeably  hairy ; 
in  the  orange- tribe  very  bitter ;  and  all  these  have  a  smooth,  glutinous 
exterior  which  facilitates  their  being  swallowed.  When  the  seeds  are 
larger  and  are  eatable,  they  are  inclosed  in  an  excessively  hard  and 
thick  covering, as  in  the  various  kinds  of  "stone"  fruit  (plums, peaches, 
etc.),  or  in  a  very  tough  core,  as  in  the  apple.  In  the  nutmeg  of  the 

*  Nature,  vol.  xv.  p.  117. 
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Eastern  Archipelago  we  have  a  curious  adaptation  to  a  single  group  of 
birds.  The  fruit  is  yellow,  somewhat  like  an  oval  peach,  but  firm  and 
hardly  eatable.  This  splits  open  and  shows  the  glossy  black  covering 
of  the  seed  or  nutmeg,  over  which  spreads  the  bright  scarlet  arillus 
or  "  mace,"  an  adventitious  growth  of  no  use  to  the  plant  except  to 
attract  attention.  Large  fruit-pigeons  pluck  out  this  seed  and  swallow 
it  entire  for  the  sake  of  the  mace,  while  the  large  nutmeg  passes 
through  their  bodies  and  germinates ;  and  this  has  led  to  the  wide 
distribution  of  wild  nutmegs  over  New  Guinea  and  the  surrounding 
islands. 

In  the  restriction  of  bright  color  to  those  edible  fruits  the  eating  of 
which  is  beneficial  to  the  plant,  we  see  the  undoubted  result  of  natural 
selection  ;  and  this  is  the  more  evident  when  we  find  that  the  color 
never  appears  till  the  fruit  is  ripe — that  is,  till  the  seeds  within  are 
fully  matured  and  in  the  best  state  for  germination.  Some  brilliantly 
colored  fruits  are  poisonous,  as  in  our  bitter-sweet  (Solanum  dulca- 
mara), cuckoo-pint  (Arum),  and  the  West  Indian  manchiiieel.  Many 
of  these  are,  no  doubt,  eaten  by  animals  to  whom  they  are  harmless : 
and  it  has  been  suggested  that  even  if  some  animals  are  poisoned  by 
them  the  plant  is  benefited,  since  it  not  only  gets  dispersed,  but  finds 
in  the  decaying  body  of  its  victim  a  rich  manure-heap.*  The  partic- 
ular colors  of  fruits  are  not,  so  far  as  we  know,  of  any  use  to  them 
other  than  as  regards  conspicuousness ;  hence  a  tendency  to  any  de- 
cided color  has  been  preserved  and  accumulated  as  serving  to  render 
the  fruit  easily  visible  among  its  surroundings  of  leaves  or  herbage. 
Out  of  134  fruit-bearing  plants  in  Mongredien's  Trees  and  Shrubs,  and 
Hooker's  jBritish  Flora,  the  fruits  of  no  less  than  sixty-eight,  or  rather 
more  than  half,  are  red,  forty-five  are  black,  fourteen  yellow,  and  seven 
white.  The  great  prevalence  of  red  fruits  is  almost  certainly  due  to 
their  greater  conspicuousness  having  favored  their  dispersal,  though  it 
may  also  have  arisen  in  part  from  the  chemical  changes  of  chlorophyll 
during  ripening  and  decay  producing  red  tints,  as  in  many  fading 
leaves.  Yet  the  comparative  scarcity  of  yellow  in  fruits,  while  it  is  the 
most  common  tint  of  fading  leaves,  is  against  this  supposition. 

There  are,  however,  a  few  instances  of  colored  fruits  which  do  not 
seem  to  be  intended  to  be  eaten;  such  are  the  colocynth  plant  (Cucumix 
colocynthus),  which  has  a  beautiful  fruit  the  size  and  color  of  an 
orange,  but  nauseous  beyond  description  to  the  taste.  It  has  a  hard 
rind,  and  may  perhaps  be  dispersed  by  being  blown  along  the  ground, 
the  color  being  an  adventitious  product;  but  it  is  quite  possible,  not- 
withstanding its  repulsiveness  to  us,  that  it  may  be  eaten  by  some 
animals.  With  regard  to  the  fruit  of  another  plant,  Calotropis  procera, 
there  is  less  doubt,  as  it  is  dry  and  full  of  thin,  flat- winged  seeds,  with 
fine  silky  filaments,  eminently  adapted  for  wind-dispersal;  yet  it  is  of 
a  bright  yellow  color,  as  large  as  an  apple,  and  therefore  very 
conspicuous.  Here,  therefore,  we  seem  to  have  color  which  is  a 
mere  by-product  of  the  organism  and  of  no  use  to  it ;  but  such  cases 
are  exceedingly  rare,  and  this  rarity,  when  compared  with  the  great 
abiindance  of  cases  in  which  there  is  an  obvious  purpose  in  the  color, 
adds  weight  to  the  evidence  in  favor  of  the  theory  of  the  attractive 
coloration  of  edible  fruits  in  order  that  birds  and  other  animals  may 

*  Grant  Allen's  Color  Sense,  p.  113. 
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assist  in  their  dispersal.     Both  the  above-named  plants  are  natives  of 
Palestine  and  the  adjacent  arid  countries.* 

The  Colors  of  .Flowers. 

Flowers  are  much  more  varied  in  their  colors  than  fruits,  as  they 
are  more  complex  and  more  varied  in  form  and  structure ;  yet  there  is 
some  parallelism  between  them  in  both  respects.  Flowers  are  frequent- 
ly adapted  to  attract  insects  as  fruits  are  to  attract  birds,  the  object 
being  in  the  former  to  secure  cross-fertilization,  in  the  latter  dispersal ; 
while  just  as  color  is  an  index  of  the  edibility  of  fruits  which  supply 
pulp  or  juice  to  birds,  so  are  the  colors  of  flowers  an  indication  of  the 
presence  of  nectar  or  of  pollen  which  are  devoured  by  insects. 

The  main  facts  and  many  of  the  details  as  to  the  relation  of  insects 
to  flowers  were  discovered  by  Sprengel  in  1793.  He  noticed  the  curi- 
ous adaptation  of  the  structure  of  many  flowers  to  the  particular  insects 
which  visit  them ;  he  proved  that  insects  do  cross-fertilize  flowers,  and 
he  believed  that  this  was  the  object  of  the  adaptations,  while  the 
presence  of  nectar  and  pollen  insured  the  continuance  of  their  visits ; 
yet  he  missed  discovering  the  use  of  this  cross-fertilization.  Several 
writers  at  a  later  period  obtained  evidence  that  cross-fertilization  of 
plants  was  a  benefit  to  them ;  but  the  wide  generality  of  this  fact  and 
its  intimate  connection  with  the  numerous  and  curious  adaptations 
discovered  by  Sprengel  was  first  shown  by  Mr.  Darwin,  and  has  since 
been  demonstrated  by  a  vast  mass  of  observations,  foremost  among 
which  are  his  own  researches  on  orchids,  primulas,  and  other  plants.f 

By  an  elaborate  series  of  experiments  carried  on  for  many  years 
Mr.  Darwin  demonstrated  the  great  value  of  cross-fertilization  in  in- 
creasing the  rapidity  of  growth,  the  strength  and  vigor  of  the  plant, 
and  in  adding  to  its  fertility.  This  effect  is  produced  immediately,  not 
as  he  expected  would  be  the  case,  after  several  generations  of  crosses. 
He  planted  seeds  from  cross-fertilized  and  self-fertilized  plants  on  two 
sides  of  the  same  pot  exposed  to  exactly  similar  conditions,  and  in 
most  cases  the  difference  in  size  and  vigor  was  amazing,  while  the 
plants  from  cross-fertilized  parents  also  produced  more  and  finer  seeds. 
These  experiments  entirely  confirmed  the  experience  of  breeders  of 
animals  already  referred  to  (p.  110),  and  led  him  to  enunciate  his  famous 
aphorism,  "Nature  abhors  perpetual  self-fertilization."  J  In  this  prin- 
ciple we  appear  to  have  a  sufficient  reason  for  the  various  contrivances 
by  which  so  many  flowers  secure  cross-fertilization,  either  constantly 
or  occasionally.  These  contrivances  are  so  numerous,  so  varied,  and 
often  so  highly  complex  and  extraordinary,  that  they  have  formed  the 
subject  of  many  elaborate  treatises,  and  have  also  been  amply  popu- 
larized in  lectures  and  handbooks.  It  will  be  unnecessary,  therefore, 
to  give  details  here,  but  the  main  facts  will  be  summarized  in  order  to 
call  attention  to  some  difficulties  of  the  theory  which  seem  to  require 
further  elucidation. 

Modes   of  securing   Cross-Fertilization. 

When  we  examine  the  various  modes  in  which  the  cross-fertilization 
of  flowers  is  brought  about,  we  find  that  some  are  comparatively  sim- 

*  Canon  Tristram's  Natural  History  of  the  Bible,  pp.  483,  484. 

t  For  a  complete  historical  account  of  this  subject,  with  full  reference  to  all 
the  works  upon  it,  see  the  Introduction  to  Hermann  Muller's  Fertilization  of 
Flowers,  translated  by  D'Arcy  W.  Thompson. 

J  For  the  full  detail  of  his  experiments,  see  Cross-  and  Self-Fertilisation  of 
Plants,  1876. 
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pie  in  their  operation  and  needful  adjustments,  others  highly  complex. 
The  simple  methods  belong  to  four  principal  classes:  (1)  By  dichogamy 
— that  is,  by  the  anthers  and  the  stigina  becoming  mature  or  in  a  fit 
state  for  fertilization  at  slightly  different  times  on  the  same  plant. 
The  result  of  this  is  that,  as  plants  in  different  stations,  on  different 
soils,  or  exposed  to  different  aspects,  flower  earlier  or  later,  the  mature 
pollen  of  one  plant  can  only  fertilize  some  plant  exposed  to  somewhat 
different  conditions  or  of  different  constitution,  whose  stigma  will  be 
mature  at  the  same  time ;  and  this  difference  has  been  shown  by  Darwin 
to  be  that  which  is  adapted  to  secure  the  fullest  benefit  of  cross-fertiliza- 
tion. This  occurs  in  Geranium  pratense,  Thymus  serpyttum,Arum  mac- 
ulatum,  and  many  others.  (2)  By  the  flower  being  self-sterile  with  its 
own  pollen,  as  in  the  crimson  flax.  This  absolutely  prevents  self- 
fertilization.  (3)  By  the  stamens  and  anthers  being  so  placed  that 
the  pollen  can  not  fall  upon  the  stigma,  while  it  does  fall  upon  a 
visiting  insect,  which  carries  it  to  the  stigma  of  another  flower.  This 
effect  is  produced  in  a  variety  of  very  simple  ways,  and  is  often  aided 
by  the  motion  of  the  stamens,  which  bend  down  out  of  the  way  of  the 

stigmas  before  the  pollen  is  ripe,  as  in 
Malva  sylvestris  (Fig.  28).  (4)  By  the 
male  and  female  flowers  being  on  differ- 
ent plants,  forming  the  class  Dioecia  of 
Linnaeus.  In  these  cases  the  pollen  may 
be  carried  to  the  stigmas  either  by  the 
wind  or  by  the  agency  of  insects. 

Now  these  four  methods  are  all  ap- 
parently very  simple,  and  easily  pro- 
duced by  variation  and  selection.  They 
are  applicable  to  flowers  of  any  shape, 
requiring  only  such  size  and  color  as 
Malva  sylvestris,  Malva  rotundifoiia,  to  attract  insects,  and  some  secretion 

adapted  for  insect-      adapted  for  self-         •  ,        .  ,-1     •  ,     •,      •    ., 

fertilization.  fertilization.  of  nectar  to  insure  their  repeated  visits, 

characters  common  to  the  great  major- 
ity of  flowers.  All  these  methods  are  common,  except  perhaps  the 
second ;  but  there  are  many  flowers  in  which  the  pollen  from  another 
plant  is  prepotent  over  the  pollen  from  the  same  flower,  and  this  has 
nearly  the  same  effect  as  self-sterility  if  the  flowers  are  frequently 
crossed  by  insects.  We  can  not  help  asking,  therefore,  why  have  other 
and  much  more  elaborate  methods  been  needed?  And  how  have  the 
more  complex  arrangements  of  so  many  flowers  been  brought  about? 
Before  attempting  to  answer  these  questions,  and  in  order  that  the 
reader  may  appreciate  the  difficulty  of  the  problem  and  the  nature  of 
the  facts  to  be  explained,  it  will  be  necessary  to  give  a  summary  of  the 
more  elaborate  modes  of  securing  cross-fertilization. 

(1)  We  first  have  dimorphism  and  heteromorphism,  the  phenomena 
of  which  have  been  already  sketched  in  our  seventh  chapter. 

Here  we  have  both  a  mechanical  and  a  physiological  modification, 
the  stamens  and  pistil  being  variously  modified  in  length  and 
position,  while  the  different  stamens  in  the  same  flower  have  widely 
different  degrees  of  fertility  when  applied  to  the  same  stigma, —  a 
phenomenon  which,  if  it  were  not  so  well  established,  would  have 
appeared  in  the  highest  degree  improbable.  The  most  remarkable 
case  is  that  of  the  three  different  forms  of  the  loosestrife  (Lythrum 
ealioaria)  here  figured  (Fig.  29,  on  next  page), 
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(2)  Som«  flowers  have  irritable  stamens,  which,  wh.n  their  bases 
are  touched  by  an  insect,  spring  up  and  dust  it  with  pollen.     Thw 
occurs  in  our  common  berberry. 

(3)  In  others  there  are  levers  or  processes  by  which  the  anthers 
are  mechanically  brought  down  on  to  the  head  or  back  of  an  insect 
entering  the  flower,  in  such  a  position  as  to  be  carried  to  the  stigma  of 
the  next  flower  it  visits.     This  may  be  well  seen  in  many  species  of 

and  Erica. 


(4)  In  some  there  is  a  sticky  secretion  which,  getting  on  to  the 
proboscis  of  an  insect,  carries  away  the  pollen,  and   applies   it  to 
the  stigma  of  another  flower.     This  occurs  in  our  common  milkwort 
(Polygala  vulgaris). 

(5)  In  papilionaceous  plants  there  are  many  complex  adjustments, 
such  as  the  squeezing  out  of  pollen  from  a  receptacle  on  to  an  insect, 
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as  in  Lotus  corniculatus,  or  the  sudden  springing-  out  and  exploding  of 
the  anthers  so  as  thoroughly  to  dust  the  insect,  as  in  Medicago  falcata, 
this  occurring  after  the  stigma  has  touched  the  insect  and  taken  off 
some  pollen  from  the  last  flower. 

(6)  Some  flowers  or  spathes  form  closed  boxes  in  which  insects 
find  themselves  entrapped,  and  when  they  have  fertilized  the  flower 
the  fringe  of  hairs  opens  and  allows  them  to  escape.     This  occurs  in 
many  species  of  Arum  and  Aristolochia. 

(7)  Still  more  remarkable  are  the  traps  in  the  flower  of  Asclepias, 
which  catch  flies,  butterflies,  and  wasps  by  the  legs,  and  the  wonder- 
fully complex  arrangements  of  the  orchids.    One  of  these,  our  common 
Orchis  pyramidalis,  may  be  briefly  described  to  show  how  varied  and 
beautiful   are   the   arrangements    to    secure   cross-fertilization.     The 
broad  trifid  lip  of  the  flower  offers  a  support  to  the  moth  which  is 
attracted  by  its  sweet  odor,  and  two  ridges  at  the  base  guide  the 
proboscis  with  certainty  to  the  narrow  entrance  of  the  nectary.   "When 
the   proboscis    has  reached  the   end  of  the  spur,  its  basal  portion 
depresses  the   little  hinged  rostellum  that  covers  the  saddle-shaped 
sticky  glands  to  which  the  pollen  masses  (pollinia)  are  attached.     On 
the  proboscis    being  withdrawn,  the   two   pollinia   stand  erect  and 
parallel,  firmly  attached  to  the  proboscis.     In  this  position,  however, 
they  would  be  useless,  as  they  would  miss  the  stigmatic  surface  of  the 
next  flower  visited  by  the  moth.    But  as  soon  as  the  proboscis  is  with- 
drawn, the  two  pollen  masses  begin  to  diverge  till  they  are  exactly 
as  far  apart  as  are  the  stigmas  of  the  flower ;  and  then  commences  a 
second  movement  which  brings  them  down  till  they  project  straight 
forward  nearly  at  right  angles  to  their  first  position,  so  as  exactly  to 
hit  against  the  stigmatic  surfaces  of  the  next  flower  visited,  on  which 
they  leave  a  portion  of  their  pollen.     The  whole  of  these  motions 
take  about  half  a  minute,  and  in  that  time  the  moth  will  usually  have 
flown  to  another  plant,  and  thus  effect  the  most  beneficial  kind  of 
cross-fertilization.*     This   description  will  be  better  understood  by 
referring  to  the  illustration  opposite,  from  Darwin's  Fertilization  of 
Orchids  (Fig.  30). 

The  Interpretation  of  these  Facts. 

Having  thus  briefly  indicated  the  general  character  of  the  more 
complex  adaptations  for  cross-fertilization,  the  details  of  which  are  to 
be  found  in  any  of  the  numerous  works  on  the  subject,f  we  find  our- 
selves confronted  with  the  very  puzzling  question — Why  were  these 
innumerable  highly  complex  adaptations  produced,  when  the  very 
same  result  may  be  effected  —  and  often  is  effected  —  by  extremely 
simple  means  ?  Supposing,  as  we  must  do,  that  all  flowers  were  once 
of  simple  and  regular  forms,  like  a  buttercup  or  a  rose,  how  did  siich 
irregular  and  often  complicated  flowers  as  the  papilionaceous  or  pea 
family,  the  labiates  or  sage  family,  and  the  infinitely  varied  and 
fantastic  orchids,  ever  come  into  existence  1  No  cause  has  yet  been 
suggested  but  the  need  of  attracting  insects  to  cross-fertilize  them ; 
yet  the  attractiveness  of  regular  flowers  with  bright  colors  and  an 
ample  supply  of  nectar  is  equally  great,  and  cross-fertilization  can  be 

*  See  Darwin's  Fertilization  of  Orchids  for  the  many  extraordinary  and  complex 
arrangements  in  these  plants. 

t  The  English  reader  may  consult  Sir  John  Lmbbock's  British  Wild  Flowers 
in.  Relation  to  Insects,  and  H.  Mailer's  great  and  original  work  The  Fertilization 
of  Flowers. 


DARWINISM. 


223 


quite  as  effectively  secured  in  these  by  nny  of  the  four  simple  methods 
already  described.  Before  attempting  to  suggest  a  possible  solution 
of  this  difficult  problem,  we  have  yet  to  pass  iu  r.  view  a  large  body  of 
curious  adaptations  connected  with  insect-fertilization,  and  will  first 
call  attention  to  that  portion  of  the  phenomena  which  throws  some 


B 

FIG.  30. —  Orchis   pyramidalis. 

DESCRIPTION   OP  FIGURE. 
a,  anther. —  s,  s,  stigma. —  r,  rostellum. —  /,  labellum  or  lip. —  I',  guiding  ridges 

on  labellum. —  «,  nectary. 

J.  Front  view,  with  all  the  sepals  and  petals  removed,  except  the  labellum. 
K.  Side  view,  with  all  the  sepals  and  petals  removed  and  the  upper  part  of  t\\c 

C.  The  two  pollinia  attached  to  the  saddle-shaped  viscid  disc,     [flower  bisected. 

D.  The  disc  after  the  first  act  of  contraction. 

K.  Tiie  disc  seen  from  above  with  one  pollinium  removed. 

F.  The  pollinia  removed  by  the  insertion  of  a  needle  into  the  nectary. 

G.  The  same  pollinia  after  depression  has  taken  place. 

light  upon  the  special  colors  of  flowers  in  their  re^tion  to  the  various 
kinds  of  insects  which  visit  them.  For  these  facts  we  are  larjri'iy 
indebted  to  the  exact  and  long-continued  r^earches  of  Professor 
Hermann  Miiller. 
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Summary  of  Additional  Facts   bearing  on  Insect- Fertilization. 

1.  That  the  size  and  color  of  a  flower  are  important  factors  in 
determining  the  visits  of  insects  is  shown  by  the  general  fact  of  more 
insects  visiting  conspicuous  than  inconspicuous  flowers.     As  a  single 
instance,  the  handsome  Geranium  palustre  was  observed  by  Professor 
Miiller  to  be  visited  by  sixteen  different  species  of  insects,  the  equally 
showy  G.  pratense  by  thirteen  species,  while  the  smaller  and  much 
less   conspicuous   G.   molle   was    visited   by   eight   species,    and    G. 
pusillum   by  only  one.     In  many  cases,   however,  a  flower  may  be 
very  attractive  to  only  a  few  species  of  insects ;  and  Professor  Miiller 
states,  as  the  result  of  many  years'  assiduous  observation,  that  "'  a 
species  of  flower  is  the  more  visited  by  insects  the  more  conspicuous 
it  is." 

2.  Sweet  odor  is  usually  supplementary  to  the  attraction  of  color. 
Thus  it  is   rarely  present   in  the  largest  and  most  gaudily  colored 
flowers  which   inhabit  open  places,  such   as  poppies,  pseonies,  sun- 
flowers,  and  many  others ;  while  it  is  often  the  accompaniment  of 
inconspicuous  flowers,  as  the  mignonette  ;  of  such  as  grow  in  shady 
places,  as  the  violet  and  primrose ;  and  especially  of  white  or  yellowish 
flowers,  as  the  white  jasmine,  clematis,  stephanotis,  etc. 

3.  White  flowers  are  often  fertilized  by  moths,  and  very  frequently 
give  out  their  scent  only  by  night,  as  in  our  butterfly-orchis  (Habenaria 
chlorantha) ;  and  they  sometimes  open  only  at  night,  as  do  many  of 
the  evening  primroses  and  other  flowers.     These  flowers  are  often 
long-tubed  in  accordance  with  the  length  of  the  moths'  probosces,  as 
in  the  genus  Pancratium,  our  butterfly-orchis,  white  jasmine,  and  a 
host  of  others. 

4.  Bright  red  flowers  are  very  attractive   to  butterflies,  and  are 
sometimes   specially  adapted   to  be  fertilized  by  them,  as  in  many 
pinks  (Dianthus   deltoides,  D.   superbus,  D.  atrorubens),    the   corn- 
cockle   (Lychnis   Githago),    and    many   others.      Blue    flowers    are 
especially  attractive  to   bees  and  other  hymenoptera   (though  they 
frequent  flowers  of  all   colors),  no   less  than  sixty-seven  species  of 
this  order  having  been  observed  to  visit  the   common  "  sheep's-bit " 
(Jasione  montana).     Dull  yellow  or  brownish  flowers,  some  of  which 
smell  like  carrion,  are  attractive  to  flies,  as  the  Arum  and  Aristolochia ; 
while  the  dull   purplish   flowers  of  the  Scrophularia  are  especially 
attractive  to  wasps. 

5.  Some   flowers   have  neither   scent  nor  nectar,  and  yet  attract 
insects  by  sham  nectaries!   In  the  herb-paris  (Paris  quadrifolia)  the 
ovary  glistens  as  if  moist,  and, flies  alight  on  it  and  carry  away  pollen 
to  another  flower ;  while  in  grass  of  parnassus  (Parnassia  palustris) 
there  are  a  number  of  small-stalked  yellow  balls  near  the  base  of  the 
flower,  which  look  like  drops  of  honey  but  are  really  dry.    In  this  case 
there  is  a  little  nectar  lower  down, but  the  special  attraction  is  a  sham; 
and  as  there  are  fresh  broods  of  insects  every  year,  it  takes  time  for 
them  to  learn  by  experience,  and  thus  enough  are  always  deceived  to 
effect  cross-fertilization.*     This  is  analogous  to  the  case  of  the  young 
birds  which  have  to  learn  by  experience  the  insects  that  are  inedible, 
as  explained  at  page  172. 

6.  Many  flowers  change  their  color  as  soon  as  fertilized;  and  this 
is  beneficial,  as  it  enables  bees  to  avoid  wasting  time  in  visiting  those 

*  Miiller's  Fertilization  of  Flowers,  p.  248. 
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blossoms  which  have  been  already  fertilized  and  their  nectar  exhausted. 
The  common  lungwort  (Pulmonaria  officinalis),  is  at  first  red,  but 
later  turns  blue ;  and  H.  Miiller  observed  bees  visiting  red  flowers  in. 
succession,  but  neglecting  the  blue.  In  South  Brazil  there  is  a  species 
of  Lantana,  whose  flowers  are  yellow  the  first  day,  orange  the  second, 
and  purple  the  third ;  Dr.  Fritz  Miiller  observed  that  many  butterflies 
visited  the  yellow  flowers  only,  some  both  the  yellow  and"  the  orange 
flowers,  but  none  the  purple. 

7.  Many  flowers  have  markings  which  serve  as  guides  to  insects ; 
in  some  cases  a  bright  central  eye,  as  in  the  borage  and  forget-me-not ; 
or  lines  or  spots  converging  to  the  center,  as  in  geraniums,  pinks,  and 
many  others.     This  enables  insects  to  go  quickly  and  directly  to  the 
opening   of  the  flower,  and  is  equally  important  in  aiding  them  to 
obtain  a  better  supply  of  food,  and  to  fertilize  a  larger  number  of 
flowers. 

8.  Flowers  have  been  specially  adapted  to  the  kinds  of  insects  that 
most  abound  where  they  grow.     Thus  the  gentians  of  the  lowlands 
are  adapted  to  bees,  those  of  the  high  alps  to  butterflies  only;  and 
while  most  species  of  Rhinanthus  (a  genus  to  which  our  common 
"yellow  rattle"  belongs)  are  bee-flowers,  one  high  alpine  species  (R. 
alpinus)  has  been  also  adapted  for  fertilization  by  butterflies  only. 
The  reason  of  this  is  that  in  the  high  alps  butterflies  are  immensely 
more  plentiful  than  bees,  and  flowers  adapted  to  be  fertilized  by  bees 
can  often  have  their  nectar  extracted  by  butterflies  without  effecting 
cross-fertilization.     It  is,  therefore,  important  to  have  a  modification 
of  structure  which  shall  make  butterflies  the  fertilizers,  and  this  in 
many  cases  has  been  done.* 

9.  Economy  of  time  is  very  important  both  to  the  insects  and  the 
flowers,  because  the  fine  working-days  are  comparatively  few,  and  if  no 
time  is  wasted  the  bees  will  get  more  honey,  and  in  doing  so  will  fer- 
tilize more  flowers.    Now,  it  has  been  ascertained  by  several  observers 
that  many  insects,  bees  especially,  keep  to  one  kind  of  flower  at  a  time, 
visiting  hundreds  of  blossoms  in  succession,  and  passing  over  other 
species  that  may  be  mixed  with  them.     They  thus  acquire  quickness 
in  going  at  once  to  the  nectar,  and  the  change  of  color  in  the  flower, 
or  incipient  withering  when  fertilized,  enables  them  to  avoid  those 
flowers  that  have  already  had  their  honey  exhausted.     It  is  probably 
to  assist  the  insects  in  keeping  to  one  flower  at  a  time,  which  is  of  vital 
importance  to  the  perpetuation  of  the  species,  that  the  flowers  which 
bloom  intermingled  at  the  same  season  are  usually  very  distinct  both  in 
form  and  color.     In  the  sandy  districts  of  Surrey,  in  the  early  spring, 
the  copses  are  gay  with  three  flowers — the  primrose,  the  wood-anemone, 
and  the  lesser  celandine,  forming  a  beautiful  contrast,  while  at  the 
same  time  the  purple  and  the  white  dead-nettles  abound  on  hedge- 
banks.     A  little  later,  in  the  same  copses,  we  have  the  blue  wild  hya- 
cinth (Scitta  nutans),  the   red   campion    (Lychnis   dioica),  the  pure 
white  great  starwort  (Stellaria  Holosteum),  and  the  yellow  dead-nettle 
(Lamium  Galeobdolon),  all  distinct  and  well-contrasted  flowers.     In 
damp  meadows  in  summer  we  have  the  ragged  robin  (Lichnis  Flos- 
cuculi\  the  spotted  orchis  ( O.  maeulata),  and  the  yellow  rattle  (Rhinan- 
thus  Crista-galli;  while  in  drier  meadows  we  have  cowslips,  oxeye 
daisies,  and  buttercups,  all  very  distinct  both  in  form  and  color.     So 

*  "Alpenblumen,"  by  P.  H.  Muller.    See  Nature,  vol.  xxiii.  p.  333, 
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in  cornfields  we  have  the  scarlet  poppies,  the  purple  corncockle,  the 
yellow  corn-marigold,  and  the  blue  cornflower;  while  on  our  moors  the 
purple  heath  and  the  dwarf  gorse  make  a  gorgeous  contrast.  Thus 
the  difference  of  color  which  enables  the  insect  to  visit  with  rapidity 
and  unerring  aim  a  number  of  flowers  of  the  same  kind  in  succession, 
serves  to  adorn  our  meadows,  banks,  woods,  and  heaths,  with  a  charm- 
ing variety  of  floral  color  and  form  at  each  season  of  the  year.* 

Fertilization   of  Flowers   by  Birds. 

In  the  temperate  regions  of  the  Northern  Hemisphere  insects  are 
the  chief  agents  in  cross-fertilization  when  this  is  not  effected  by  the 
wind;  but  in  warmer  regions,  and  in  the  Southern  hemisphere,  birds 


Fm.  31.— Humming-bird  fertilizing   Marcgravia  nepenthoides. 

are  fo;ind  to-  take  a  considerable  part  in  the  operation,  and  have  im 
many  cases  led  to  modifications  in  the  form  and  color  of  flowers. 
Each  part  of  the  globe  has  special  groups  of  birds  which  are  flower- 
haunters.  America  has  the  humming-birds  (Trochilidce),  and  the 
smaller  group  of  the  sugar-birds  ( Cr&rebidce).  In  the  Eastern  tropics 
the  sunbirds  (Nectarineidce)  take  the  place  of  the  humming-birds,  and 
another  small  group,  the  flower-peckers  (Dicceidce),  assist  them.  In 
the  Australian  region  there  are  also  two  flower-feeding  groups,  the 

*  This  peculiarity  of  local  distribution  of  color  in  flowers  may  be  compared, 
as  regards  its  purpose,  with  the  recognition-colors  of  animals.  Just  as  these 
latter  colors  enable  the  sexes  to  recognize  each  other,  and  thus  avoid  sterile 
unions  of  distinct  species,  so  the  distinctive  form  and  color  of  each  species  of 
flower,  as  compared  with  those  that  usually  grow  around  it,  enables  the  fertilizing 
iusects  to  avoid  carrying  the  pollen  of  one  flower  to  the  stigma  of  a  distinct  species. 
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Meliphagida?,  or  honey  suckers,  and  the  brush-tongued  lories  (Tricho- 
ylossidai).  Recent  researches  by  American  naturalists  have  shown  that 
many  flowers  are  fertilized  by  humming-birds,  such  as  passion-flowers, 
trumpet-flowers,  fuchsias,  and  lobelias;  while  some,  as  the  Salvia 
splendens  of  Mexico,  are  specially  adapted  to  their  visits.  We  may 
thus  perhaps  explain  the  number  of  very  large  tubular  flowers  in  the 
tropics,  such  as  the  huge  brugmansias  and  bignonias ;  while  in  the 
Andes  and  in  Chile,  where  humming-birds  are  especially  plentiful,  we 
find  great  numbers  of  red  tubular  flowers,  often  of  large  size  and 
apparently  adapted  to  these  little  creatures.  Such  are  the  beautiful 
Lapageria  and  Philesla,  the  grand  Pitcairneas,  and  the  genera 
Fuchsia,  Mitraria,  Embothrium,  Escallonia,  Desfontainea,  JEccremo- 
carpus,  and  many  Gesneracece.  Among  the  most  extraordinary  modifi- 
cations of  flower-structure  adapted  to  bird- fertilization  are  the  species 
of  Marcgravia,in  which  the  pedicels  and  bracts  of  the  terminal  portion 
of  a  pendent  bunch  of  flowers  have  been  modified  into  pitchers  which 
secrete  nectar  and  attract  insects,  while  birds  feeding  on  the  nectar,  or 
insects,  have  the  pollen  of  the  overhanging  flowers  dusted  on  their 
backs,  and,  carrying  it  to  other  flowers,  thus  cross-fertilize  them  (see 
Illustration  on  preceding  page). 

In  Australia  and  New  Zealand  the  fine  "glory-peas"  (Clianthus}, 
the  Sophora,  Loranthus,  many  JEpacridece  and  Myrtaceve,  and  the 
large  flowers  of  the  New  Zealand  flax  (Phormium  ten  ax),  are  cross- 
fertilized  by  birds ;  while  in  Natal  the  fine  trumpet-creeper  ( Tecoma 
capensis)  is  fertilized  by  Nectarineas. 

The  great  extent  to  which  insect  and  bird  agency  is  necessary  to 
flowers  is  well  shown  by  the  case  of  New  Zealand.  The  entire  country 
is  comparatively  poor  in  species  of  insects,  especially  in  bees  and 
butterflies,  which  are  the  chief  flower-fertilizers ;  yet  according  to  the 
researches  of  local  botanists  no  less  than  one  fourth  of  all  the  flower- 
ing plants  are  incapable  of  self-fertilization,  and,  therefore,  wholly 
dependent  on  insect  or  bird  agency  for  the  continuance  of  the  species. 

The  facts  as  to  the  cross-fertilization  of  flowers  which  have  now 
been  very  briefly  summarized,  taken  in  connection  with  Darwin's 
experiments  proving  the  increased  vigor  and  fertility  given  by  cross- 
fertilization,  seem  amply  to  justify  his  aphorism  that  "Nature  abhors 
self-fertilization,"  and  his  more  precise  statement  that  "  No  plant  is 
perpetually  self-fertilized";  and  this  view  has  been  upheld  by  Hilde- 
brand,  Delpino,  and  other  botanists.* 

Self -Fertilization   of  Flowers. 

But  all  this  time  we  have  been  only  looking  at  one  side  of  the 
question,  for  there  exists  an  abundance  of  facts  which  seem  to  imply, 
just  as  surely,  the  utter  uselessness  of  cross-fertilization.  Let  us,  then, 
see  what  these  facts  are  before  proceeding  further. 

1.  An  immense  variety  of  plants  are  habitually  self-fertilized,  and 
their  numbers  probably  far  exceed  those  which  are  habitually  cross- 
fertilized  by  insects.     Almost  all  the  very  small  or  obscure  flowered 
plants  with  hermaphrodite  flowers  are  of  this  kind.     Most  of  these, 
however,  may   be   insect-fertilized  occasionally,  and   may,  therefore, 
come  under  the  rule  that  no  species  are  perpetually  self-fertilized. 

2.  There  are  many  plants,  however,  in  which  special  arrangements 
exist  to  secure   self-fertilization.     Sometimes  the  corolla  closes  and 

*  See  H.  Miiller's  Fertilization  of  Flowers,  p.  18. 
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brings  the  anthers  and  stigma  into  contact;  in  others  the  anthers 
cluster  round  the  stigmas,  both  maturing  together,  as  in  many  butter- 
cups, stitchwort  (Stettaria  media),  sandwort  (Spergula),  and  some 
willow-herbs  {Epilobium} ;  or  they  arch  over  the  pistil,  as  in  Qalium 
aparine  and  Alisma  Plantago.  The  style  is  also  modified  to  bring  it 
into  contact  with  the  anthers,  as  in  the  dandelion,  groundsel,  and 
many  other  plants.*  All  these,  however,  may  be  occasionally  cross- 
fertilized. 

3.  Iii  other  cases  precautions  are  taken  to  prevent  cross-fertilization, 
as  in  the  numerous  cleistogamous  or  closed  flowers.     These  occur  in 
no  less  than  fifty-five  different  genera,  belonging  to  twenty-four  nat- 
ural orders,  and  in  thirty-two  of  these  genera  the  normal  flowers  are 
irregular,  and  have  therefore  been  specially  modified  for  insect-fertili- 
zation.f     These   flowers   appear   to  be   degradations  of   the   normal 
flowers,  and  are  closed  up  by  various  modifications  of  the  petals  or 
other  parts,  so  that  it  is  impossible  for  insects  to  reach  the  interior, 
yet  they  produce  seed  in  abundance,  and  are  often  the  chief  means  by 
which  the  species  is  continued.     Thus  in  our  common  dog-violet  the 
perfect  flowers  rarely  produce  seed,  while  the  rudimentary  cleistogamic 
flowers  do  so  in  abundance.    The  sweet  violet  also  produces  abundance 
of  seed  from  its  cleistogamic  flowers,  and  few  from  its  perfect  flowers ; 
but  in  Liguria  it  produces  only  perfect  flowers,  which  seed  abundantly. 
No  case  appears  to  be  known  of  a  plant  which  has  cleistogamic  flowers 
only,  but  a  small  rush  (Juncus  bufonius)  is  in  this  condition  in  some 
parts  of  Russia,  while  in  other  parts  perfect  flowers  are  also  produced. :{: 
Our   common   henbit   dead-nettle   (Lamium  amplexicaule)  produces 
cleistogamic  flowers,  as  do  also  some  orchids.     The  advantage  gained 
by  the  plant  is  great  economy  of  specialized  material,  since  with  very 
small  flowers  and  very  little  expenditure  of  pollen  an  abundance  of 
seed  is  produced. 

4.  A  considerable  number  of  plants  which   have  evidently   been 
specially  modified  for  insect-fertilization  have,  by  further  modification, 
become  quite  self-fertile.     This  is  the  case  with  the  garden-pea,  and 
also  with    our  beautiful  bee-orchis,  in  which  the  pollen-masses  con- 
stantly fall  on  to  the  stigmas,  and  the  flower,  being  thus  self-fertilized, 
produces  abundance  of  capsules  and  of  seed.    Yet  in  many  of  its  close 
allies  insect-agency  is  absolutely  required;  but  in  one  of  these,  the 
fly-orchis,  comparatively  very  little  seed  is  produced,  and  self-fertiliza- 
tion would  therefore  be  advantageous  to  it.     When  garden-peas  were 
artificially  cross-fertilized  by  Mr.  Darwin,  it  seemed  to  do  them  no 
good,  as  the  seeds  from  these  crosses  produced  less  vigorous  plants 
than   seed   from   those   which   were   self-fertilized, —  a   fact   directly 
opposed  to  what  usually  occurs  in  cross-fertilized  plants. 

5.  As  opposed  to  the  theory  that  there  is  any  absolute  need  for 
cross-fertilization,  it  has  been  urged  by  Mr.  Henslow  and  others  that 

*  The  above  examples  are  taken  from  Rev.  G.  Henslow's  paper  on  "Self- 
Fertilization  of  Plants,"  in  Trans.  Linn.  Soc.,  second  series,  Botany,  vol.  i.  pp. 
317-398,  with  plate.  Mr.  H.  O.  Forbes  has  shown  that  the  same  thing  occurs 
among  tropical  orchids,  in  his  paper  "On  the  Contrivances  for  insuring  Self- 
Fertilization  in  some  Tropical  Orchids,"  Journ.  Linn.  Soc.,  xxi.  p.  538. 

t  These  are  the  numbers  given  by  Darwin,  but  I  am  informed  by  Mr.  Hemsley 
that  many  additions  have  been  since  made  to  the  list,  and  that  cleistogamic 
flowers  probably  occur  in  nearly  all  the  natural  orders. 

J  For  a  full  account  of  cleistogamic  flowers  see  Darwin's  Forms  of  Flowers, 
chap.  viii. 
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many  self-fertilized  plants  are  exceptionally  vigorous,  such  as  groundsel, 
chickweed,  sowthistle,  buttercups,  and  other  common  weeds;  while 
most  plants  of  world-wide  distribution  are  self-fertilized,  and  these 
have  proved  themselves  to  be  best  fitted  to  survive  in  the  battle  of 
life.  More  than  fifty  species  of  common  British  plants  are  very  widely 
distributed,  aud  all  are  habitually  self-fertilized.*  That  self-fertilization 
has  some  great  advantage  is  shown  by  the  fact  that  it  is  usually  the 
species  which  have  the  smallest  and  least  conspicuous  flowers  which 
have  spread  widely,  while  the  large  and  showy  flowered  species  of  the 
same  genera  or  families,  which  require  insects  to  cross-fertilize  them, 
have  a  much  more  limited  distribution. 

6.  It  is  now  believed  by  some  botanists  that  many  inconspicuous 
and  imperfect  flowers,  including  those  that  are  wind-fertilized, —  such 
us  plantains,  nettles,  sedges,  and  grasses, —  do  not  represent  primitive 
or  undeveloped  forms,  but  are  degradations  from  more  perfect  flowers 
which  were  once  adapted  to  insect-fertilization.  In  almost  every  order 
we  find  some  plants  which  have  become  thus  reduced  or  degraded  for 
wind-  or  self-fertilization,  as  Poterium  and  Sanguisorba  among  the 
Rosaceaz;  while  this  has  certainly  been  the  case  in  the  cleistogamic 
flowers.  In  most  of  the  above-mentioned  plants  there  are  distinct  rudi- 
ments of  petals  or  other  floral  organs,  and  as  the  chief  use  of  these  is 
to  attract  insects,  they  could  hardly  have  existed  in  primitive  flowers.f 

*  Henslow's  "Self-Fertilization,"  Trans.  Linn.  Soc.,  second  series,  Botany, 
vol.  i.  p.  391. 

t  The  Rev.  George  Henslow,  in  his  Origin  of  Floral  Structures,  says:  "There 
is  little  doubt  but  that  all  wind-fertilized  angiosperms  are  degradations  from 
insect-fertilized  flowers.  .  .  .  Poterium  sanguisorba  is  anemophilous;  and 
Sanguisorba  officinalis  presumably  was  so  formerly,  but  has  reacquired  an  ento- 
mophilous  habit, —  the  whole  tribe  of  Poteriece  being,  in  fact,  a  degraded  group 
which  has  descended  from  Potentillece.  Plantains  retain  their  corolla,  but  in  a 
degraded  form.  Juncece  are  degraded  Lilies;  white  Cyperacece  and  Graminece 
among  monocotyledons  may  be  ranked  with  Amentiferce  among  dicotyledons,  as 
representing  orders  which  have  retrograded  very  far  from  the  entomophilous 
forms  from  which  they  were  possibly  and  probably  descended"  (p.  266). 

"The  genus  Plantago,  like  Thalictrum  minus,  Poterium,  and  others,  well  illus- 
trate the  change  from  an  entomophilous  to  the  anemophilous  state.  P.  lanceolata 
has  polymorphic  flowers,  and  is  visited  by  pollen-seeking  insects,  so  that  it  can 
be  fertilized  either  by  insects  or  the  wind.  P.  media  illustrates  transitions  in 
point  of  structure,  as  the  filaments  are  pink,  the  anthers  motionless,  and  the 
pollen-grains  aggregated,  and  it  is  regularly  visited  by  Bombus  terrestris.  On  the 
other  hand,  the  slender  filaments,  versatile  anthers,  powdery  pollen,  and  elongated 
protogyuous  style  are  features  of  other  species,  indicating  anemophily;  while  the 
presence  of  a  degraded  corolla  shows  its  ancestors  to  have  been  entomophilous. 
P.  media,  therefore,  illustrates  not  a  primitive  entomophilous  condition,  but  a 
return  to  it;  just  as  is  the  case  with  Sanguisorba  officinalis  and  Salix  Caprea;  but 
these  show  no  capacity  of  restoring  the  corolla,  the  attractive  features  having  to 
be  borne  by  the  calyx,  which  is  purplish  in  Sanguisorba,  by  the  pink  filaments  of 
Plantago,  and  by  the  yellow  anthers  in  the  Sallow  willow"  (p.  271). 

"The  interpretation,  then,  I  would  offer  of  inconspicuousness  and  all  kinds  of 
degradations  is  the  exact  opposite  to  that  of  conspicuousuess  and  great' differen- 
tiations; namely,  that  species  with  minute  flowers,  rarely  or  never  visited  by 
insects,  and  habitually  self-fertilized,  have  primarily  arisen  through  the  neglect  of 
insects,  and  have  in  consequence  assumed  their  present  floral  structures  "(p.  282). 

In  a  letter  just  received  from  Mr.  Henslow  he  gives  a  few  additional  illustra- 
tions of  his  views,  of  which  the  following  are  the  most  important:  "Passing  to 
Incomplete,  the  orders  known  collectively  as  'Cyclospermece'  are  related  to  Cary- 
ophyllece;  and  to  my  mind  are  degradations  from  it,  of  which  Orache  is  aue- 
mophilous.  Cupuliferce  have  an  inferior  ovary  and  rudimentary  calyx-limb  on 
the  top.  These,  as  far  as  I  know,  can  not  be  interpreted  except  as  degradations. 
The  whole  of  Monocotyledons  appear  to  me  (from  anatomical  reasons  especially) 
to  be  degradations  from  Dicotyledons,  and  primarily  through  the  agency  of 
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We  know,  moreover,  that  when  the  petals  cease  to  be  required  for  the 
attraction  of  insects,  they  rapidly  diminish  in  size,  lose  tiKir  bright 
color,  or  almost  wholly  disappear.* 

Difficulties   and  Contradictions. 

The  very  bare  summary  that  has  now  been  given  of  the  main  facts 
relating  to  the  fertilization  of  flowers,  will  have  served  to  show  the 
vast  extent  and  complexity  of  the  inquiry,  and  the  extraordinary  con- 
tradictions and  difficulties  which  it  presents.  We  have  direct  proof 
of  the  beneficial  results  of  the  intercrossing  in  a  great  number  of 
cases ;  we  have  an  overwhelming  mass  of  facts  as  to  the  varied  and 
complex  structure  of  flowers  evidently  adapted  to  secure  this  inter- 
crossing by  insect-agency;  yet  we  see  many  oi'  the  most  vigorous 
plants  which  spread  widely  over  the  globe,  with  none  of  these  adapt  i- 
tions,  and  evidently  depending  on  self-fertilization  for  their  continued 
existence  and  success  in  the  battle  of  life.  Yet  more  extraordinary  is 
it  to  find  numerous  cases  in  which  the  special  arrangements  for  cross- 
fertilization  appear  to  have  been  a  failure,  since  they  have  either  been 
supplemented  by  special  means  for  self-fertilization,  or  have  reverted 
back  in  various  degrees  to  simpler  forms  in  which  sell-fertilization 
becomes  the  rule.  There  is  also  a  farther  difficulty  iu  the  highly 
complex  modes  by  which  cross-fertilization  is  oi't;jn  brought  about ; 
for  we  have  seen  that  there  are  several  very  effective  yet  very  simple 
modes  of  securing  intercrossing,  involving  a  minimum  of  change  in 
the  form  and  structure  of  the  flower;  and  when  we  consider  that  the 
result  attained  with  so  much  cost  of  structural  modification  is  by  no 
means  an  unmixed  good,  and  is  far  less  certain  in  securing  the  per- 
petuation of  the  species  than  is  self-fertilization,  it  is  most  puzzling  to 
find  such  complex  methods  resorted  to,  sometimes  to  the  extent  of 
special  precautions  against  the  possibility  of  self-fertilization  ever 
taking  place.  Let  us  now  see  whether  any  light  can  be  thrown  on 
these  various  anomalies  and  contradictions. 

Intercrossing   not   necessarily  Advantageous. 

No  one  was  more  fully  impressed  than  was  Mr.  Darwin  with  the 
beneficial  effects  of  intercrossing  on  the  vigor  and  fertility  of  the 
species  or  race,  yet  he  clearly  saw  that  it  was  not  always  and  neces- 
sarily advantageous.  He  says :  "  The  most  important  conclusion  at 
which  I  have  arrived  is  that  the  mere  act  of  intercrosing  by  itself  does 
no  good.  The  good  depends  on  the  individuals  which  are  crossed 
differing  slightly  in  constitution,  owing  to  their  progenitors  having 
been  subjected  during  several  generations  to  slightly  different  con- 
ditions. Tins  conclusion,  as  we  shall  hereafter  see,  is  closely  con- 
nected with  various  important  physiological  problems,  such  as  the 
benefit  derived  from  slight  changes  in  the  conditions  of  life."  f  Mr. 
Darwin  has  also  adduced  much  direct  evidence  proving  that  slight 

growth  in  water.  Many  subsequently  became  terrestrial,  but  retained  the  effects 
of  their  primitive  habitat  thi-ough  heredity.  The  3-merous  perianth  of  grasses, 
the  parts  of  the  flower  being  in  whorls,  point  to  a  degradation  from  a  snb- 
liliaeeous  condition." 

Mr.  Henslow  informs  me  that  he  has  long  held  these  views,  but,  as  far  as 
he  Knows,  alone.  Mr.  Grant  Allen,  however,  set  forth  a  similar  theory  in  his 
Fiffvettes  from  Nature  (p.  15)  and  more  fully  in  The  CoJnrx  of  Flown  (chap,  v.), 
where  he  develops  it  fully,  and  uses  similar  arguments  to  those  of  Mr.  Henslow. 

'  H.  Miiller  gives  :\nmle  proof  of  this  in  his  Fertilization  of  Flowers. 

t  Cross-  <nifl  Self-Jfrtilization,  p.  27. 
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changes  in  the  conditions  of  life  are  beneficial  to  both  animals  and 
plants,  maintaining  or  restoring  their  vigor  and  fertility  in  the  same 
way  as  a  favorable  cross  seems  to  restore  it.*  It  is,  I  believe,  by 
a  careful  consideration  of  these  two  classes  of  facts  that  we  shall 
find  the  clue  to  the  labyrinth  in  which  this  subject  has  appeared  to 
involve  us. 

Supposed  Evil  Results  of  Close  Interbreeding. 

Just  as  we  have  seen  that  intercrossing  is  not  necessarily  good,  we 
shall  be  forced  to  admit  that  close  interbreeding  is  not  necessarily 
bad.  Our  finest  breeds  of  domestic  animals  have  been  thus  produced, 
and  by  a  careful  statistical  inquiry  Mr.  George  Darwin  has  shown 
that  the  most  constant  and  long-continued  intermarriages  among  the 
British  aristocracy  have  produced  no  prejudicial  results.  The  rabbits 
on  Porto  Santo  are  all  the  produce  of  a  single  female ;  they  have  lived 
on  the  same  small  island  for  470  years,  and  they  still  abound  there 
and  appear  to  be  vigorous  and  healthy  (see  p.  111). 

We  have,  however,  on  the  other  hand,  overwhelming  evidence  that 
in  many  cases,  among  our  domestic  animals  and  cultivated  plants, 
close  interbreeding  does  produce  bad  results,  and  the  apparent  con- 
tradiction may  perhaps  be  explained  on  the  same  general  principles, 
and  under  similar  limitations,  as  were  found  to  be  necessary  in 
defining  the  value  of  intercrossing.  It  appears  probable,  then,  that 
it  is  not  interbreeding  in  itself  that  is  hurtful,  but  interbreeding 
without  rigid  selection  or  some  change  of  conditions.  Under  Nature, 
us  in  the  case  of  the  Porto  Santo  rabbits,  the  rapid  increase  of  these 
animals  would  in  a  very  few  years  stock  the  island  with  a  full  popula- 
tion, and  thereafter  natural  selection  would  act  powerfully  in  the 
preservation  only  of  the  healthiest  and  the  most  fertile,  and  under 
these  conditions  no  deterioration  would  occur.  Among  the  aristocracy 
there  has  been  a  constant  selection  of  beauty,  which  is  generally 
synonymous  with  health,  while  any  constitutional  infertility  has  led 
to  the  extinction  of  the  family.  With  domestic  animals  the  selection 
practiced  is  usually  neither  severe  enough  nor  of  the  right  kind. 
There  is  no  natural  struggle  for  existence,  but  certain  points  of  form 
and  color  characteristic  of  the  breed  are  considered  essential,  and 
thus  the  most  vigorous  or  the  most  fertile  are  not  always  those  which 
are  selected  to  continue  the  stock.  In  Nature,  too,  the  species  always 
extends  over  a  larger  area  and  consists  of  much  greater  numbers,  and 
thus  a  difference  of  constitution  soon  arises  in  different  parts  of  the 
area,  which  is  wanting  in  the  limited  numbers  of  pure-bred  domestic 
animals.  From  a  consideration  of  these  varied  facts  we  conclude  that 
an  occasional  disturbance  of  the  organic  equilibrium  is  what  is  essential 
to  keep  up  the  vigor  and  fertility  of  any  organism,  and  that  this  dis- 
turbance may  be  equally  well  produced  either  by  a  cross  between 
individuals  of  somewhat  different  constitutions,  or  by  occasional  slight 
changes  in  the  conditions  of  life.  Now  plants  which  have  great  powers 
of  dispersal  enjoy  a  constant  change  of  conditions,  and  can,  tkerefore, 
exist  permanently,  or,  at  all  events,  for  very  long  periods,  without 
intercrossing;  while  those  which  have  limited  powers  of  dispersal,  and 
are  restricted  to  a  comparatively  small  and  uniform  area,  need  an 
occasional  cross  to  keep  up  their  fertility  and  general  vigor.  We 
should,  therefore,  expect  that  those  groups  of  plants  which  are  adapted 

*  Animate  find  Plnnts,  vol.  ii.  p.  145. 
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both  for  cross-  and  self-fertilization,  which  have  showy  flowers  and 
possess  great  powers  of  seed-dispersal,  would  be  the  most  abundant 
and  most  widely  distributed ;  and  this  we  find  to  be  the  case,  the 
Composite  possessing  all  these  characteristics  in  the  highest  degree, 
and  being  the  most  generally  abundant  group  of  plants  with  con- 
spicuous flowers  in  all  parts  of  the  world. 

How   the  Struggle  for  Existence  Acts  among  flowers. 

Let  us  now  consider  what  will  be  the  action  of  the  struggle  for 
existence  under  the  conditions  we  have  seen  to  exist. 

Everywhere  and  at  all  times  some  species  of  plants  will  be  dominant 
and  aggressive ;  while  others  will  be  diminishing  in  numbers,  reduced 
to  occupy  a  smaller  area,  and  generally  having  a  hard  struggle  to 
maintain  themselves.  Whenever  a  self-fertilizing  plant  is  reduced  in 
numbers  it  will  be  in  danger  of  extinction,  because,  being  limited  to  a 
small  area,  it  will  suffer  from  the  effects  of  too  uniform  conditions, 
which  will  produce  weakness  and  infertility.  But  while  this  change 
is  in  progress,  any  crosses  between  individuals  of  slightly  different 
constitution  will  be  beneficial,  and  all  variations  favoring  either 
insect-agency  on  the  one  hand,  or  wind-dispersal  of  pollen  on  the 
other,  will  lead  to  the  production  of  a  somewhat  stronger  and  more 
fertile  stock.  Increased  size  or  greater  brilliancy  of  the  flower,  more 
abundant  nectar,  sweeter  odor,  or  adaptations  for  more  effectual  cross- 
fertilization  would  all  be  preserved,  and  thus  would  be  initiated  some 
form  of  specialization  for  insect-agency  in  cross-fertilization ;  and  in 
every  different  species  so  circumstanced  the  result  would  be  different, 
depending  as  it  would  on  many  and  complex  combinations  of  variation 
of  parts  of  the  flower,  and  of  the  insect-species  which  most  abounded 
in  the  district. 

Species  thus  favorably  modified  might  begin  a  new  era  of  develop- 
ment, and  while  spreading  over  a  somewhat  wider  area,  give  rise  to 
new  varieties  or  species,  all  adapted  in  various  degrees  and  modes  to 
secure  cross-fertilization  by  insect-agency.  But  in  course  of  ages 
some  change  of  conditions  might  prove  adverse.  Either  the  insects 
required  might  diminish  in  numbers  or  be  attracted  by  other  com- 
peting flowers,  or  a  change  of  climate  might  give  the  advantage  to 
other  more  vigorous  plants.  Then  self-fertilization  with  greater 
means  of  dispersal  might  be  more  advantageous ;  the  flowers  might 
become  smaller  and  more  numerous ;  the  seeds  smaller  and  lighter  so 
as  to  be  more  easily  dispersed  by  the  wind,  while  some  of  the  special 
adaptations  for  insect-fertilization  being  useless  would,  by  the  absence 
of  selection  and  by  the  law  of  economy  of  growth,  be  reduced  to  a 
rudimentary  form.  With  these  modifications  the  species  might  extend 
its  range  into  new  districts,  thereby  obtaining  increased  vigor  by  the 
change  of  conditions,  as  appears  to  have  been  the  case  with  so  many 
of  the  small-flowered  self- fertilized  plants.  Thus  it  might  continue  to 
exist  for  a  long  series  of  ages,  till  under  other  changes  —  geographical 
or  biological  —  if  might  again  suffer  from  competition  or  from  other 
adverse  circumstances,  and  be  at  length  again  confined  to  a  limited 
area,  or  reduced  to  very  scanty  numbers. 

But  when  this  cycle  of  change  had  taken  place,  the  species  would 
be  very  different  from  the  original  form.  The  flower  would  have  been 
at  one  time  modified  to  favor  the  visits  of  insects  and  to  secure  cross- 
fertilization  by  their  aid,  and  when  the  need  for  this  passed  away, 
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eome  portions  of  these  structures  would  remain,  though  in  a  reduced  or 
rudimentary  condition.  But  when  insect-agency  became  of  importance 
a  second  time,  the  new  modifications  would  start  from  a  different  or 
more  advanced  basis,  and  thus  a  more  complex  result  might  be  pro- 
duced. Owing  to  the  unequal  rates  at  which  the  reduction  of  the 
various  parts  might  occur,  some  amount  of  irregularity  in  the  flower 
might  arise,  and  on  a  second  development  toward  insect  cross-fertiliza- 
tion this  irregularity,  if  useful,  might  be  increased  by  variation  and 
selection. 

The  rapidity  and  comparative  certainty  with  which  such  changes  as 
are  here  supposed  do  really  take  place  are  well  shown  by  the  great 
differences  in  floral  structure  as  regards  the  mode  of  fertilization  in 
allied  genera  and  species,  and  even  in  some  cases  in  varieties  of  the 
same  species.  Thus  in  the  Ranunculacece  we  find  the  conspicuous 
part  of  the  flower  to  be  the  petals  in  Ranunculus,  the  sepals  in 
Helleborus,  Anemone,  etc.,  and  the  stamens  in  most  species  of  Thalic- 
trum.  In  all  these  we  have  a  simple  regular  flower,  but  in  Aquilegia 
it  is  made  complex  by  the  spurred  petals,  and  in  Delphinium  and 
Aconitum  it  becomes  quite  irregular.  In  the  more  simple  class  self- 
fertilization  occurs  freely,  but  it  is  prevented  in  the  more  complex 
flowers  by  the  stamens  maturing  before  the  pistil.  In  the  Caprifo- 
liacece  we  have  small  and  rather  greenish  flowers,  as  in  moschatel 
(Adoxa);  more  conspicuous  regular  open  flowers  without  honey,  as 
in  the  elder  (Sambucus)-,  and  tubular  flowers  increasing  in  length  and 
irregularity,  till  in  some,  like  our  common  honeysuckle,  they  are 
adapted  for  fertilization  by  moths  only,  with  abundant  honey  and 
delicious  perfume  to  attract  them.  In  the  Scrophulariacece  we  find 
open,  almost  regular  flowers,  as  Veronica  and  Verbascum,  fertilized 
by  flies  and  bees,  but  also  self- fertilized ;  Scrophularia  adapted  in  form 
and  color  to  be  fertilized  by  wasps ;  and  the  more  complex  and  irreg- 
ular flowers  of  Linaria,  Rhinanthus,  Melampyrum,  Pedicularis,  etc., 
mostly  adapted  to  be  fertilized  by  bees. 

In  the  genera  Geranium,  Poly gonum,  Veronica,  and  several  others, 
there  is  a  gradation  of  forms  from  large  and  bright  to  small  and 
obscure-colored  flowers,  and  in  every  case  the  former  are  adapted  for 
insect-fertilization,  often  exclusively,  while  in  the  latter  self-fertilization 
constantly  occurs.  In  the  yellow  rattle  (Rhinanthus  Crista-galli) 
there  are  two  forms  (which  have  been  named  major  and  minor),  the 
larger  and  more  conspicuous  adapted  to  insect-fertilization  only,  the 
smaller  capable  of  self-fertilization;  and  two  similar  forms  exist  in  the 
eyebright  (Euphrasia  officinalis).  >In  both  these  cases  there  are 
special  modifications  in  the  length  and  curvature  of  the  style  as  well 
as  in  the  size  and  shape  of  the  corolla;  and  the  two  forms  are  evidently 
becoming  each  adapted  to  special  conditions,  since  in  some  districts 
the  one,  in  other  districts  the  other,  is  most  abundant.* 

These  examples  show  us  that  the  kind  of  change  suggested  above 
is  actually  going  on,  and  has  presumably  always  been  going  on  in 
Nature  throughout  the  long  geological  epochs  during  which  the  devel- 
opment of  flowers  has  been  progressing.  The  two  great  modes  of 
gaining  increased  vigor  and  fertility — intercrossing  and  dispersal  over 
wide  areas — have  been  resorted  to  again  and  again,  under  the  pressure 

*  Mullens  Fertilization  of  Flowers,  pp.  448,  455.  Other  cases  of  recent  degra- 
dation and  readaptation  to  insect-fertilization  are  given  by  Professor  Henslow 
(see  footnote,  p.  324). 
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i)!'  a  constant  struggle  for  existence  and  the  need  for  adaptation  to 
ever-changing  conditions.  During  all  the  modifications  that  ensued, 
useless  parts  were  reduced  or  suppressed,  owing  to  the  absence  of 
selection  and  the  principle  of  economy  of  growth ;  and  thus  at  each 
fresh  adaptation  some  rudiments  of  old  structures  were  redeveloped, 
but  not  unfrequently  in  a  different  form  and  for  a  distinct  purpose. 

The  chief  types  of  flowering  plants  have  existed  during  the  millions 
of  ages  of  the  whole  tertiary  period,  and  during  this  enormous  lapse 
of  time  many  of  them  have  been  modified  in  the  direction  of  insect- 
fertilization,  and  again  into  that  of  self-fertilization,  not  once  or  twice 
only,  but  perhaps  scores  or  even  hundreds  of  times;  and  at  each  such 
modification  a  difference  in  the  environment  may  have  led  to  a  distinct 
line  of  development.  At  one  epoch  the  highest  specialization  of  struct- 
ure in  adaptation  to  a  single  species  or  group  of  insects  may  have 
saved  a  plant  from  extinction ;  while,  at  other  times,  the  simplest  mode 
of  self-fertilization,  combined  with  greater  powers  of  dispersal  and  a 
constitution  capable  of  supporting  diverse  physical  conditions,  may 
have  led  to  a  similar  result.  With  some  groups  the  tendency  seems  to 
have  been  almost  continuously  to  greater  and  greater  specialization, 
while  with  others  a  tendency  to  simplification  and  degradation  has 
resulted  in  such  plants  as  the  grasses  and  sedges. 

We  are  now  enabled  dimly  to  perceive  how  the  curious  anomaly  of 
very  simple  and  very  complex  methods  of  securing  cross- fertilization 
— both  equally  effective — may  have  been  brought  about.  The  simple 
modes  may  be  the  result  of  a  comparatively  direct  modification  from 
the  more  primitive  types  of  flowers,  which  were  occasionally,  and,  as 
it  were,  accidentally  visited  and  fertilized  by  insects;  while  the  more 
complex  modes,  existing  for  the  most  part  in  the  highly  irregular 
flowers,  may  result  from  those  cases  in  which  adaptation  to  insect- 
fertilization,  and  partial  or  complete  degradation  to  self-fertilization 
or  to  wind-fertilization,  have  again  and  again  recurred,  each  time  pro- 
ducing some  additional  complexity,  arising  from  the  working  up  of  old 
rudiments  for  new  purposes,  till  there  have  been  reached  the  marvel- 
ous flower-structures  of  the  papilionaceous  tribes,  of  the  asclepiads,  or 
of  the  orchids. 

We  thus  see  that  the  existing  diversity  of  color  and  of  structure  in 
flowers  is  probably  the  ultimate  result  of  the  ever-recurring  struggle 
for  existence,  combined  with  the  ever-changing  relations  between  the 
vegetable  and  animal  kingdoms  during  countless  ages.  The  constant 
variability  of  every  part  and  organ,  with  the  enormous  powers  of 
increase  possessed  by  plants,  have  enabled  them  to  become  again  and 
again  readjusted  to  each  change  of  condition  as  it  occurred,  resulting 
in  that  endless  variety,  that  marvelous  complexity,  and  that  exquisite 
coloring  which  excite  our  admiration  in  the  realm  of  flowers,  and 
constitiate  them  the  perennial  charm  and  crowning  glory  of  Nature. 

Flowers   the  Product   of  Insect -Agency. 

In  his  Origin  of  Species,  Mr.  Darwin  first  stated  that  flowers  had 
been  rendered  conspicuous  and  beautiful  in  order  to  attract  insects, 
adding  :  "  Hence  we  may  conclude  that  if  insects  had  not  been  devel- 
oped on  the  earth,  our  plants  would  not  have  been  decked  with  beauti- 
ful flowers,  but  would  have  produced  only  such  p  >or  flowers  as  we  see 
in  our  fir,  oak,  nut,  and  ash  trees,  on  grasses,  docks,  .and  nettles,  which 
are  all  fertilized  through  the  agency  of  the  wind."  The  argument  in 
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favor  of  this  view  is  now  much  stronger  than  when  he  wrote  ;  for  not 
only  have  we  reason  to  believe  that  most  of  these  wind-fertilized 
flowers  are  degraded  forms  of  flowers  which  have  once  been  insect- 
fertilized,  but  we  have  abundant  evidence  that  whenever  insect-agency 
becomes  comparatively  ineffective,  the  colors  of  the  flowers  become 
less  bright,  their  size  and  beauty  diminish,  till  they  are  reduced  to 
such  small,  greenish,  inconspicuous  flowers  as  those  of  the  rupture- 
wort (Herniaria  glabra),  the  knotgrass  (Polygonum  aviculare),  or  the 
cleistogamic  flowers  of  the  violet.  There  is  good  reason  to  believe, 
therefore,  not  only  that  flowers  have  been  developed  in  order  to  attract 
insects  to  aid  in  their  fertilization,  but  that,  having  been  once  produced, 
in  however  great  profusion,  if  the  insect-races  were  all  to  become 
extinct,  flowers  (in  the  temperate  zones  at  all  events)  would  soon 
dwindle  away,  and  that  ultimately  all  floral  beauty  would  vanish  from 
the  earth. 

We  can  not,  therefore,  deny  the  vast  change  which  insects  have 
produced  upon  the  earth's  surface,  and  which  has  been  thus  forcibly 
and  beautifully  delineated  by  Mr.  Grant  Allen :  "  While  man  has  only 
tilled  a  few  level  plains,  a  few  great  river-valleys,  a  few  peninsular 
mountain-slopes,  leaving  the  vast  mass  of  earth  untouched  by  his  hand, 
the  insect  has  spread  himself  over  every  land  in  a  thousand  shapes, 
and  has  made  the  whole  flowering  creation  subservient  to  his  daily 
wants.  His  buttercup,  his  dandelion,  and  his  meadow-sweet  grow 
thick  in  every  English  field.  His  thyme  clothes  the  hillside;  his 
heather  purples  the  bleak  gray  moorland.  High  up  among  the  alpine 
heights  his  gentian  spreads  its  lakes  of  blue;  amid  the  snows  of  the 
Himalayas  his  rhododendrons  gleam  with  crimson  light.  Even  the 
wayside  pond  yields  him  the  white  crowfoot  and  the  arrowhead,  while 
the  broad  expanses  of  Brazilian  streams  are  beautified  by  his  gorgeous 
water-lilies.  The  insect  has  thus  turned  the  whole  surface  of  the 
earth  into  a  boundless  flower-garden,  which  supplies  him  from  year  to 
year  with  pollen  or  honey,  and  itself  in  turn  gains  perpetuation  by  the 
baits  that  it  offers  for  his  allurement."* 

Concluding  Remarks   on  Color   in  Nature. 

In  the  last  four  chapters  I  have  endeavored  to  give  a  general  and 
systematic,  though  necessarily  condensed  view  of  the  part  which  is 
played  by  color  in  the  organic  world.  We  have  seen  in  what  infinitely 
varied  ways  the  need  of  concealment  has  led  to  the  modification  of 
animal  colors,  whether  among  polar  snows  or  sandy  deserts,  in  tropical 
forests  or  in  the  abysses  of  the  ocean.  We  next  find  these  general 
adaptations  giving  way  to  more  specialized  types  of  coloration,  by 
which  each  species  has  become  more  and  more  harmonized  with  its 
immediate  surroundings,  till  we  reach  the  most  curiously  minute 
resemblances  to  natural  objects  in  the  leaf-  and  stick-insects,  and 
those  which  are  so  like  flowers  or  moss  or  birds'  droppings  that  they 
deceive  the  acutest  eye.  We  have  learnt,  further,  that  these  varied 
forms  of  protective  coloring  are  far  more  numerous  than  has  been 
usually  suspected,  because  what  appear  to  be  very  conspicuous  colors 
or  markings  when  the  species  is  observed  in  a  museum  or  in  a 
menagerie,  are  often  highly  protected  when  the  creature  is  seen  under 
the  natural  conditions  of  its  existence.  From  these  varied  classes  of 

*  The  Color  Sense,  by  Grant  Allen,  p.  95. 
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facts  it  seems  not  improbable  that  fully  one  half  of  the  species  in  the 
animal  kingdom  possess  colors  which  have  been  more  or  less  adapted 
to  secure  for  them  concealment  or  protection. 

Passing  onward  we  find  the  explanation  of  a  distinct  type  of  color 
or  marking,  often  superimposed  upon  protective  tints,  in  the  import- 
ance of  easy  recognition  by  many  animals  of  their  fellows,  their  parents, 
or  their  mates.  By  this  need  we  have  been  able  to  account  for  mark- 
ings that  seem  calculated  to  make  the  animal  conspicuous,  when  the 
general  tints  and  well-known  habits  of  the  whole  group  demonstrate 
the  need  of  concealment.  Thus  also  we  are  able  to  explain  the  constant 
symmetry  in  the  markings  of  wild  animals,  as  well  as  the  numerous 
cases  in  which  the  conspicuous  colors  are  concealed  when  at  rest  and 
only  become  visible  during  rapid  motion. 

In  striking  contrast  to  ordinary  protective  coloration  we  have 
"warning  colors,"  usually  very  conspicuous  and  often  brilliant  or 
gaudy,  which  serve  to  indicate  that  their  possessers  are  either  danger- 
ous or  uneatable  to  the  usual  enemies  of  their  tribe.  This  kind  of 
coloration  is  probably  more  prevalent  than  has  hitherto  been  supposed, 
because  in  the  case  of  many  tropical  animals  we  are  quite  unacquainted 
with  their  special  and  most  dangerous  enemies,  and  are  also  unable  to 
determine  whether  they  are  or  are  not  distasteful  to  those  enemies.  As 
a  kind  of  corollary  to  the  "warning  colors,"  we  find  the  extraordinary 
phenomena  of  "mimicry,"  in  which  defenseless  species  obtain  protec- 
tion by  being  mistaken  for  those  which,  from  any  cause,  possess 
immunity  from  attack.  Although  a  large  number  of  instances  of 
warning  color  and  of  mimicry  are  now  recorded,  it  is  probably  still  an 
almost  unworked  field  of  research,  more  especially  in  tropical  regions 
and  among  the  inhabitants  of  the  ocean. 

The  phenomena  of  sexual  diversities  of  coloration  next  engaged  our 
attention,  and  the  reasons  why  Mr.  Darwin's  theory  of  "sexual  selec- 
tion," as  regards  color  and  ornament,  could  not  be  accepted  were 
stated  at  some  length,  together  with  the  theory  of  animal  coloration 
and  ornament  we  propose  to  substitute  for  it.  This  theory  is  held  to 
be  in  harmony  with  the  general  facts  of  animal  coloration,  while  it 
entirely  dispenses  with  the  very  hypothetical  and  inadequate  agency 
of  female  choice  in  producing  the  detailed  colors,  patterns,  and  orna- 
ments, which  in  so  many  cases  distinguish  the  male  sex. 

If  my  arguments  on  this  point  are  sound,  they  will  dispose  also  of 
Mr.  Grant  Allen's  view  of  the  direct  action  of  the  color-sense  on  the 
animal  integuments.*  He  argues  that  the  colors  of  insects  and  birds 
reproduce  generally  the  colors  of  the  flowers  they  frequent  or  the  fruits 
they  eat,  and  he  adduces  numerous  cases  in  which  flower-haunting 
insects  and  fruit-eating  birds  are  gaily  colored.  This  he  supposes  to 
be  due  to  the  color-taste,  developed  by  the  constant  presence  of  bright 
flowers  and  fruits,  being  applied  to  the  selection  of  each  variation 
toward  brilliancy  in  their  mates, —  thus  in  time  producing  the  gorgeous 
and  varied  hues  they  now  possess.  Mr.  Allen  maintains  that  "insects 
are  bright  where  bright  flowers  exist  in  numbers,  and  dull  where 
flowers  are  rare  or  inconspicuous";  and  he  urges  that  "we  can  hardly 
explain  this  wide  coincidence  otherwise  than  by  supposing  that  a  taste 
for  color  is  produced  through  the  constant  search  for  food  among  ento- 
mophilous  blossoms,  and  that  this  taste  has  reacted  upon  its  possessers 
through  the  action  of  unconscious  sexual  selection." 

*  The  Color  Sense,  chap.  ix. 
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The  examples  Mr.  Allen  quotes  of  bright  insects  being  associated 
with  bright  flowers  seem  very  forcible,  but  are  really  deceptive  or 
erroneous ;  and  quite  as  many  cases  could  be  quoted  which  prove  the 
very  opposite.  For  example,  in  the  dense  equatorial  forests  flowers 
are  exceedingly  scarce,  and  there  is  no  comparison  with  the  amount 
of  floral  color  to  be  met  with  in  our  temperate  meadows,  woods,  and 
hillsides.  The  forests  about  Para  in  the  lower  Amazon  are  typical  in 
this  respect,  yet  they  abound  with  the  most  gorgeously  colored  butter- 
flies, almost  all  of  which  frequent  the  forest-depths,  keeping  near  the 
ground,  where  there  is  the  greatest  deficiency  of  brilliant  flowers.  In 
contrast  with  this  let  us  take  the  Cape  of  Good  Hope  —  the  most 
flowery  region  probably  that  exists  upon  the  globe, —  where  the 
country  is  a  complete  flower-garden  of  heaths,  pelargoniums,  mesembry- 
anthemus,  exquisite  iridaceous  and  other  bulbs,  and  numerous  flowering 
shrubs  and  trees ;  yet  the  Cape  butterflies  are  hardly  equal  either  in 
number  or  variety  to  those  of  any  country  in  South  Europe,  and  are 
utterly  insignificant  when  compared  with  those  of  the  comparatively 
flowerless  forest-depths  of  the  Amazon  or  of  New  Guinea.  Neither 
is  there  any  relation  between  the  colors  of  other  insects  and  their 
haunts.  Few  are  more  gorgeous  than  some  of  the  tiger-beetles  and 
the  carabi,  yet  these  are  all  carnivorous;  while  many  of  the  most 
brilliant  metallic  buprestidse  and  longicorns  are  always  found  on  the 
bark  of  fallen  trees.  So  with  the  humming-birds;  their  brilliant 
metallic  tints  can  only  be  compared  with  metals  or. gems,  and  are 
totally  unlike  the  delicate  pinks  and  purples,  yellows  and  reds  of  the 
majority  of  flowers.  Again,  the  Australian  honey  suckers  (Meli- 
phagidce)  are  genuine  flower -haunters,  and  the  Australian  flora  is 
more  brilliant  in  color-display  than  that  of  most  tropical  regions,  yet 
these  birds  are,  as  a  rule,  of  dull  colors,  not  superior  on  the  average 
to  our  grain-eating  finches.  Then,  again,  we  have  the  grand  pheasant- 
family,  including  the  gold  and  the  silver  pheasants,  the  gorgeous  fire- 
backed  and  ocellated  pheasants,  and  the  resplendent  peacock,  all 
feeding  on  the  ground  on  grain  or  seeds  or  insects,  yet  adorned  with 
the  most  gorgeous  colors. 

There  is,  therefore,  no  adequate  basis  of  facts  for  this  theory  to  rest 
upon,  even  if  there  were  the  slightest  reason  to  believe  that  not  only 
birds,  but  butterflies  and  beetles,  take  any  delight  in  color  for  its  own 
sake,  apart  from  the  food-supply  of  which  it  indicates  the  presence. 
All  that  has  been  proved  or  that  appears  to  be  probable  is,  that  they  are 
able  to  perceive  differences  of  color,  and  to  associate  each  color  with 
the  particular  flowers  or  fruits  which  best  satisfy  their  wants.  Color 
being  in  its  nature  diverse,  it  has  been  beneficial  for  them  to  be  able 
to  distinguish  all  its  chief  varieties,  as  manifested  more  particularly 
in  the  vegetable  kingdom,  and  among  the  different  species  of  their 
own  group ;  and  the  fact  that  certain  species  of  insects  show  some 
preference  for  a  particular  color  may  be  explained  by  their  having 
found  flowers  of  that  color  to  yield  them  a  more  abundant  supply  of 
nectar  or  of  pollen.  In  those  cases  in  which  butterflies  frequent 
flowers  of  their  own  color,  the  habit  may  well  have  been  acquired 
from  the  protection  it  affords  them. 

It  appears  to  me  that,  in  imputing  to  insects  and  birds  the  same 
love  of  color  for  its  own  sake  and  the  same  aesthetic  tastes  as  we  our- 
selves possess,  we  may  be  as  far  from  the  truth  as  were  those  writers 
who  held  that  the  bee  was  a  good  mathematician,  and  that  the  honey- 
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comb  was  constructed  throughout  to  satisfy  its  refined  mathematical 
instincts  ;  whereas  it  is  now  generally  admitted  to  be  the  result  of 
the  simple  principle  of  economy  of  material  applied  to  a  primitive 
cylindrical  cell.* 

In  studying  the  phenomena  of  color  in  the  organic  world  we  have 
been  led  to  realize  the  wonderful  complexity  of  the  adaptations  which 
bring  each  species  into  harmonious  relation  with  all  those  that  sur- 
round it,  and  which  thus  link  together  the  whole  of  Nature  in  a 
network  of  relations  of  marvelous  intricacy.  Yet  all  this  is  but,  as  it 
were,  the  outward  show  and  garment  of  Nature,  behind  which  lies  the 
inner  structure  —  the  framework,  the  vessels,  the  cells,  the  circulating 
fluids,  and  the  digestive  and  reproductive  processes, —  and  behind 
these  again,  those  mysterious  chemical,  electrical,  and  vital  forces 
which  constitute  what  we  term  Life.  These  forces  appear  to  be 
fundamentally  the  same  for  all  organisms,  as  is  the  material  of  which 
all  are  constructed ;  and  we  thus  find  behind  the  outer  diversities  an 
inner  relationship  which  binds  together  the  myriad  forms  of  life. 

Each  species  of  animal  or  plant  thus  forms  part  of  one  harmonious 
whole,  carrying  in  all  the  details  of  its  complex  structure  the  record 
of  the  long  story  of  organic  development;  and  it  was  with  a  truly 
inspired  insight  that  our  great  philosophical  poet  apostrophized  the 
humble  weed  — 

Flower  in  the  crannied  wall, 

I  pluck  you  out  of  the  crannies; 

I  hold  you  here,  root  and  all,  in  my  hand, 

Little  flower;  but  if  I  could  understand 

What  you  are,  root  and  all,  and  all  in  all, 

f  should  know  what  God  and  man  is. 
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CHAPTER    XIL 
THE    GEOGRAPHICAL    DISTRIBUTION    OP  ORGANISMS. 

The  facts  to  be  explained. —  The  conditions  which  have  determined  distribution. 
The  permanence  of  oceans. —  Oceanic  and  continental  areas. —  Madagascar 
and  New  Zealand. —  The  teachings  of  the  thonsand-fathoin  line. —  The  dis- 
tribution of  marsupials. —  The  distribution  of  tapirs. — Powers  of  dispersal 
as  illustrated  by  insular  organisms. —  Birds  and  insects  at  sea. —  Insects  at 
great  altitudes. —  The  dispersal  of  plants. —  Dispersal  of  seeds  by  the  wind. — 
Mineral  matter  carried  by  the  wind. —  Objections  to  the  theory  of  wind- 
dispersal  answered. —  Explanation  of  north  temperate  plants  in  the  southern 
hemisphere. —  No  proof  of  glaciation  in  the  tropics. —  Lower  temperature  not 
needed  to  explain  the  facts. —  Concluding  remarks. 

The  theory  which  we  may  BOW  take  as  established — that  all  the 
existing  forms  of  life  have  been  derived  from  other  forms  by  a  natural 
process  of  descent  with  modification,  and  that  this  same  process  has 
been  in  action  during  past  geological  time — should  enable  us  to  give 
a  rational  account  not  only  of  the  peculiarities  of  form  and  structure 
presented  by  animals  and  plants,  but  also  of  their  grouping  together 
in  certain  areas,  and  their  general  distribution  over  the  earth's  surface. 

In  the  absence  of  any  exact  knowledge  of  the  facts  of  distribution, 
a  student  of  the  theory  of  evolution  might  naturally  anticipate  that  all 
groups  of  allied  organisms  would  be  found  in  the  same  region,  and 
that,  as  he  traveled  farther  and  farther  from  any  given  center,  the 
forms  of  life  would  differ  more  and  more  from  those  which  prevailed 
at  the  starting-point,  till,  in  the  remotest  regions  to  which  he  could 
penetrate,  he  would  find  an  entirely  new  assemblage  of  animals  and 
plants,  altogether  unlike  those  with  which  he  was  familiar.  He  would 
also  anticipate  that  diversities  of  climate  would  always  be  associated 
with  a  corresponding  diversity  in  the  forms  of  life. 

Now  these  anticipations  are  to  a  considerable  extent  justified. 
Remoteness  on  the  earth's  surface  is  usually  an  indication  of  diversity 
in  the  fauna  and  flora,  while  strongly  contrasted  climates  are  always 
accompanied  by  a  considerable  contrast  in  the  forms  of  life.  But  this 
correspondence  is  by  no  means  exact  or  proportionate,  and  the  converse 
propositions  are  often  quite  untrue.  Countries  which  are  near  to  each 
other  often  differ  radically  in  their  animal  and  vegetable  productions ; 
while  similarity  of  climate,  together  with  moderate  geographical  prox- 
imity, are  often  accompanied  by  marked  diversities  in  the  prevailing 
forms  of  life.  Again,  while  many  groups  of  animals — genera,  families, 
and  sometimes  even  orders — are  confined  to  limited  regions,  most  of 
the  families,  many  genera,  and  even  some  species,  are  found  in  every 
part  of  the  earth.  An  enumeration  of  a  few  of  these  anomalies  will 
better  illustrate  the  nature  of  the  problem  we  have  to  solve. 

As  examples  of  extreme  diversity,  notwithstanding  geographical 
proximity,  we  may  adduce  Madagascar  and  Africa,  whose  animal  and 
vegetable  productions  are  far  less  alike  than  are  those  of  Great  Britain 
and  Japan  at  the  remotest  extremities  of  the  great  northern  continent ; 
while  an  equal,  or  perhaps  even  a  still  greater,  diversity  exists  between 
Australia  and  New  Zealand.  On  the  other  hand,  Northern  Africa  and 
South  Europe,  though  separated  by  the  Mediterranean  Sea,  have  faunas 
and  floras  which  do  not  differ  from  each  other  more  than  do  the  various 
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countries  of  Europe.  As  a  proof  that  similarity  of  climate  and  general 
adaptability  have  had  but  a  small  part  in  determining  the  forms  of  life 
in  each  country,  we  have  the  fact  of  the  enormous  increase  of  rabbits 
and  pigs  in  Australia  and  New  Zealand,  of  horses  and  cattle  in  South 
America,  and  of  the  common  sparrow  in  North  America,  though  in 
none  of  these  cases  are  the  animals  natives  of  the  countries  in  which 
they  thrive  so  well.  And  lastly,  in  illustration  of  the  fact  that  allied 
forms  are  not  always  found  in  adjacent  regions,  we  have  the  tapirs, 
which  are  found  only  on  opposite  sides  of  the  globe,  in  tropical  America 
and  the  Malayan  Islands;  the  camels  of  the  Asiatic  deserts,  whose 
nearest  allies  are  the  llamas  and  alpacas  of  the  Andes ;  and  the  marsu- 
pials, only  found  in  Australia  and  on  the  opposite  side  of  the  globe, 
in  America.  Yet,  again,  although  mammalia  may  be  said  to  be  univers- 
ally distributed  over  jbhe  globe,  being  found  abundantly  on  all  the 
continents  and  on  a  great  many  of  the  larger  islands,  yet  they  are 
entirely  wanting  in  New  Zealand,  and  in  a  considerable  number  of 
other  islands  which  are,  nevertheless,  perfectly  able  to  support  them 
when  introduced. 

Now  most  of  these  difficulties  can  be  solved  by  means  of  well-known 
geographical  and  geological  facts.  When  the  productions  of  remote 
countries  resemble  each  other,  there  is  almost  always  continuity  of  land 
with  similarity  of  climate  between  them.  "When  adjacent  countries 
differ  greatly  in  their  productions,  we  find  them  separated  by  a  sea  or 
strait  whose  great  depth  is  an  indication  of  its  antiquity  or  permanence. 
When  a  group  of  animals  inhabits  two  countries  or  regions  separated 
by  wide  oceans,  it  is  found  that  in  past  geological  times  the  same 
group  was  much  more  widely  distributed,  and  may  have  reached  the 
countries  it  inhabits  from  an  intermediate  region  in  which  it  is  now 
extinct.  We  know,  also,  that  countries  now  united  by  land  were  divided 
by  arms  of  the  sea  at  a  not  very  remote  epoch ;  while  there  is  good 
reason  to  believe  that  others  now  entirely  isolated  by  a  broad  expanse 
of  sea  were  formerly  united  and  formed  a  single  land-area.  There  is 
also  another  important  factor  to  be  taken  account  of  in  considering 
how  animals  and  plants  have  acquired  their  present  peculiarities  of 
distribution, —  changes  of  climate.  We  know  that  quite  recently  a 
glacial  epoch  extended  over  much  of  what  are  now  the  temperate 
regions  of  the  northern  hemisphere,  and  that  consequently  the  organ- 
isms which  inhabit  those  parts  must  be,  comparatively  speaking, 
recent  immigrants  from  more  southern  lands.  But  it  is  a  yet  more 
important  fact  that,  down  to  middle  Tertiary  times  at  all  events,  an 
equable  temperate  climate,  with  a  luxuriant  vegetation,  extended  to  far 
within  the  arctic  circle,  over  what  are  now  barren  wastes,  covered  for 
ten  months  of  the  year  with  snow  and  ice.  The  arctic  zone  has,  there- 
fore, been  in  past  times  capable  of  supporting  almost  all  the  forms 
of  life  of  our  temperate  regions ;  and  we  must  take  account  of  this 
condition  of  things  whenever  we  have  to  speculate  on  the  possible 
migrations  of  organisms  between  the  old  and  new  continents. 

The    Conditions   which   have   determined   Distribution. 

When  we  endeavor  to  explain  in  detail  the  facts  of  the  existing 
distribution  of  organic  beings, we  are  confronted  by  several  preliminary 
questions,  upon  the  solution  of  which  will  depend  our  treatment  of  the 
phenomena  presented  to  us.  Upon  the  theory  of  descent  which  we 
have  adopted,  all  the  different  species  of  a  genus,  as  well  as  all  the 
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genera  which  compose  a  family  or  higher  group,  have  descended  from 
some  common  ancestor,  and  must  therefore,  at  some  remote  epoch,  have 
occupied  the  same  area,  from  which  their  descendants  have  spread  to 
the  regions  they  now  inhabit.  In  the  numerous  cases  in  which  the 
same  group  now  occupies  countries  separated  by  oceans  or  seas,  by 
lofty  mountain-chains,  by  wide  deserts,  or  by  inhospitable  climates,  we 
have  to  consider  how  the  migration  which  must  certainly  have  taken 
place  has  been  effected.  It  is  possible  that  during  some  portion  of  the 
time  which  has  elapsed  since  the  origin  of  the  group  the  interposing 
barriers  have  not  been  in  existence ;  or,  on  the  other  hand,  the  partic- 
ular organisms  we  are  dealing  with  may  have  the  power  of  overpassing 
the  barriers,  and  thus  reaching  their  present  remote  dwelling-places. 
As  this  is  really  the  fundamental  question  of  distribution  on  which  the 
solution  of  all  its  more  difficult  problems  depends,  we  have  to  inquire, 
in  the  first  place,  what  is  the  nature  of,  and  what  are  the  limits  to,  the 
changes  of  the  earth's  surface,  especially  during  the  Tertiary  and  latter 
part  of  the  Secondary  periods,  as  it  was  during  those  periods  that 
most  of  the  existing  types  of  the  higher  animals  and  plants  came  into 
existence ;  and,  in  the  next  place,  what  are  the  extreme  limits  of  the 
powers  of  dispersal  possessed  by  the  chief  groups  of  animals  and  plants. 
We  will  first  consider  the  question  of  barriers,  more  especially  those 
formed  by  seas  and  oceans. 

The  Permanence   of  Oceans. 

It  was  formerly  a  very  general  belief,  even  amongst  geologists,  that 
the  great  features  of  the  earth's  surface,  no  less  than  the  smaller  ones, 
were  subject  to  continual  mutations,  and  that  during  the  course  of 
known  geological  tune  the  continents  and  great  oceans  had  again  and 
again  changed  places  with  each  other.  Sir  Charles  Lyell,  in  the  last 
edition  of  his  Principles  of  Geology  (1872),  said:  "Continents,  there- 
fore, although  permanent  for  whole  geological  epochs,  shift  their  posi- 
tions entirely  in  the  course  of  ages";  and  this  maybe  said  to  have  been 
the  orthodox  opinion  down  to  the  very  recent  period  when,  by  means  of 
deep-sea  soundings,  the  nature  of  the  ocean-bottom  was  made  known. 
The  first  person  to  throw  doubt  on  this  view  appears  to  have  been  the 
veteran  American  geologist,  Professor  Dana.  In  1849,  in  the  Report 
of  Wilkes's  Exploring  Expedition,  he  adduced  the  argument  against  a 
former  continent  in  the  Pacific  during  the  Tertiary  period,  from  the 
absence  of  all  native  quadrupeds.  In  1856,  in  articles  in  the  American 
Journal,  he  discussed  the  development  of  the  American  continent,  and 
argued  for  its  general  permanence  ;  and  in  his  Manual  of  Geology  in 
1863  and  later  editions,  the  same  views  were  more  fully  enforced  and 
were  latterly  applied  to  all  continents.  Darwin,  in  his  Journal  of 
Researches,  published  in  1845,  called  attention  to  the  fact  that  all  the 
small  islands  far  from  land  in  the  Pacific,  Indian,  and  Atlantic  Oceans 
are  either  of  coralline  or  volcanic  formation.  He  excepted,  however, 
the  Seychelles  and  St.  Paul's  rocks ;  but  the  former  have  since  been 
shown*  to  be  no  exception,  as  they  consist  entirely  of  coral  rock ;  and 
although  Darwin  himself  spent  a  few  hours  on  St.  Paul's  rocks  on  his 
outward  voyage  in  the  Beagle,  and  believed  he  had  found  some  por- 
tions of  them  to  be  of  a  "cherty"  and  others  of  a  "  felspathic"  nature, 
this  also  has  been  shown  to  be  erroneous,  and  the  careful  examination 
of  the  rocks  by  the  Abbe  Eenard  clearly  proves  them  to  be  wholly  of 
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volcanic  origin.*  We  have,  therefore,  at  the  present  time,  absolutely 
no  exception  whatever  to  the  remarkable  fact  that  all  the  oceanic 
islands  of  the  globe  are  either  of  volcanic  or  coral  formation  ;  and 
there  is,  further,  good  reason  to  believe  that  those  of  the  latter  class  in 
every  case  rest  upon  a  volcanic  foundation. 

In  his  Origin,  of  Species,  Darwin  further  showed  that  no  true 
oceanic  island  had  any  native  mammals  or  batrachia  when  first  dis- 
covered, this  fact  constituting  the  test  of  the  class  to  which  an  island 
belongs ;  whence  he  argued  that  none  of  them  have  ever  been  connected 
with  continents,  but  all  had  originated  in  mid-ocean.  These  considera- 
tions alone  render  it  almost  certain  that  the  areas  now  occupied  by 
the  great  oceans  have  never,  during  known  geological  time,  been  occu- 
pied by  continents,  since  it  is  in  the  highest  degree  improbable  that 
every  fragment  of  those  continents  should  have  completely  disappeared, 
and  have  been  replaced  by  volcanic  islands  rising  out  of  profound 
oceanic  abysses ;  but  recent  research  into  the  depth  of  the  oceans  and 
the  nature  of  the  deposits  now  forming  on  their  floors,  adds  greatly 
to  the  evidence  in  this  direction,  and  renders  it  almost  a  certainty  that 
they  represent  very  ancient  if  not  primeval  features  of  the  earth's 
surface.  A  very  brief  outline  of  the  nature  of  this  evidence  will  be 
now  given. 

The  researches  of  the  Challenger  expedition  into  the  nature  of  the 
sea-bottom  show  that  the  whole  of  the  land-debris  brought  down  by 
rivers  to  the  ocean  (with  the  exception  of  pumice  and  other  floating 
matter)  is  deposited  comparatively  near  to  the  shores,  and  that  the 
fineness  of  the  material  is  an  indication  of  the  distance  to  which  it  has 
been  carried.  Everything  in  the  nature  of  gravel  and  sand  is  laid 
down  within  a  very  few  miles  of  land,  only  the  finer  muddy  sediments 
being  carried  out  for  20  or  50  miles,  and  the  very  finest  of  all,  under 
the  most  favorable  conditions,  rarely  extending  beyond  150  or  at  the 
utmost  300  miles  from  land  into  the  deep  ocean,  f  Beyond  these  dis- 
tances, and  covering  the  entire  ocean-floor,  are  various  oozes  formed 
wholly  from  the  debris  of  marine  organisms;  while  intermingled  with 
these  are  found  various  volcanic  products  which  have  been  either 
carried  through  the  air  or  floated  on  the  surface,  and  a  small  but  per- 
fectly recognizable  quantity  of  meteoric  matter.  Ice-borne  rocks  are 
also  found  abundantly  scattered  over  the  ocean-bottom  within  a  defi- 
nite distance  of  the  arctic  and  antarctic  circles,  clearly  marking  out  the 
limit  of  floating  icebergs  in  recent  geological  times. 

Now  the  whole  series  of  marine  stratified  rocks,  from  the  earliest 
Palaeozoic  to  the  most  recent  Tertiary  beds,  consist  of  materials  closely 
corresponding  to  the  land-debris  now  being  deposited  within  a  narrow 
belt  round  the  shores  of  all  continents;  while  no  rocks  have  been 
found  whioh  can  be  identified  with  the  various  oozes  now  forming  in 
the  deep  abysses  of  the  ocean.  It  follows,  therefore,  that  all  the  geo- 
logical formations  have  been  formed  in  comparatively  shallow  water, 
and  always  adjacent  to  the  continental  land  of  the  period.  The  great 
thickness  of  some  of  the  formations  is  no  indication  of  a  deep  sea,  but 
only  of  slow  subsidence  during  the  time  that  the  deposition  was  in 

*  See  A.  Agassiz,  Three  Cruises  of  the  Blake  (Cambridge,  Mass.,  1888),  vol.  i. 
p.  127,  footnote. 

t  Even  the  extremely  fine  Mississippi  mud  is  nowhere  found  beyond  a  hundred 
miles  from  the  mouths  of  the  river  in  the  Gulf  of  Mexico  (A.  Agassiz,  Three 
Cruises  of  the  Blake,  vol.  i.  p.  128). 
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progress.  This  view  is  now  adopted  by  many  of  the  most  experienced 
geologists,  especially  by  Dr.  Archibald  Geikie,  Director  of  the  Geo- 
logical Survey  of  Great  Britain,  who,  in  his  lecture  on  "Geographical 
Evolution,"  says :  '"  From  all  this  evidence  we  may  legitimately  conclude 
that  the  present  land  of  the  globe,  though  consisting  in  great  measure 
of  marine  formations,  has  never  lain  under  the  deep  sea;  but  that  its 
site  must  always  have  been  near  land.  Even  its  thick  marine  lime- 
stones are  the  deposits  of  comparatively  shallow  water."* 

But  besides  these  geological  and  physical  considerations,  there  is  a 
mechanical  difficulty  in  the  way  of  repeated  change  of  position  of 
oceans  and  continents  which  has  not  yet  received  the  attention  it 
deserves.  According  to  the  recent  careful  estimate  by  Mr.  John  Mur- 
ray, the  land-area  of  the  globe  is  to  the  water-area  as  -28  to  '72.  The 
mean  height  of  the  land  above  sea-level  is  2,250  feet,  while  the  mean 
deptn  of  the  ocean  is  14,640  feet.  Hence  the  bulk  of  dry  land  is 
23,450,000  cubic  miles,  and  that  of  the  waters  of  the  ocean  323,800,000 
cubic  miles;  and  it  follows  that  if  the  whole  of  the  solid  matter  of  the 


Diagram  of  proportionate  mean  height  of  Land  and  depth  of  Oceans. 
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earth's  surface  were  reduced  to  one  level,  it  would  be  everywhere 
covered  by  an  ocean  about  two  miles  deep.  The  accompanying  dia- 
gram will  serve  to  render  these  figures  more  intelligible.  The  length 
of  the  sections  of  land  and  ocean  are  in  the  proportion  of  their  respect- 
ive areas,  while  the  mean  height  of  the  land  and  the  mean  depth  of 
the  ocean  are  exhibited  on  a  greatly  increased  vertical  scale.  If  we 
considered  the  continents  and  their  adjacent  oceans  separately  they 
would  differ  a  little,  but  not  very  materially,  from  this  diagram;  in 
some  cases  the  proportion  of  land  to  ocean  would  be  a  little  greater, 
in  others  a  little  less. 

Now,  if  we  try  to  imagine  a  process  of  elevation  and  depression  by 
which  the  sea  and  land  shall  completely  change  places,  we  shall  be  met 
by  insuperable  difficulties.  We  must,  in  the  first  place,  assume  a 
general  equality  between  elevation  and  subsidence  during  any  given 
period,  because  if  the  elevation  over  any  extensive  continental  area 
were  not  balanced  by  some  subsidence  of  approximately  equal  amount, 
an  unsupported  hollow  would  be  left  under  the  earth's  crust.  Let  us 
now  suppose  a  continental  area  to  sink,  and  an  adjacent  oceanic  area 
to  rise,  it  will  be  seen  that  the  greater  part  of  the  land  will  disappear 
long  before  the  new  land  has  approached  the  surface  of  the  ocean. 
This  difficulty  will  not  be  removed  by  supposing  a  portion  of  a  con- 
tinent to  subside,  and  the  immediately  adjacent  portion  of  the  ocean  on 

*  I  have  given  a  full  summary  of  the  evidence  for  the  permanence  of  oceanic 
and  continental  areas  in  my  Island  Life,  chap.  vi. 

233 


344  BEACON  LIGHTS  OF  SCIENCE. 

the  other  side  of  the  continent  to  rise,  because  in  almost  every  case 
we  find  that  within  a  comparatively  short  distance  from  the  shores  of 
all  existing  continents  the  ocean-floor  sinks  rapidly  to  a  depth  of 
from  2,000  to  3,000  fathoms,  and  maintains  a  similar  depth,  generally 
speaking,  over  a  large  portion  of  the  oceanic  areas.  In  order,  there- 
fore, that  any  area  of  continental  extent  be  upraised  from  the  great 
oceans,  there  must  be  a  subsidence  of  a  land-area  five  or  six  times  as 
great  unless  it  can  be  shown  that  an  extensive  elevation  of  the  ocean- 
floor  up  to  and  far  above  the  surface  could  occur  without  an  equiv- 
alent depression  elsewhere.  The  fact  that  the  waters  of  the  ocean  are 
sufficient  to  cover  the  whole  globe  to  a  depth  of  two  miles  is  alone  suf- 
ficient to  indicate  that  the  great  ocean-basins  are  permanent  features  of 
the  earth's  surface,  since  any  process  of  alternation  of  these  with  the 
land-areas  would  have  been  almost  certain  to  result  again  and  again 
in  the  total  disappearance  of  large  portions,  if  not  of  all,  of  the  dry 
land  of  the  globe.  But  the  continuity  of  terrestrial  life  since  the 
Devonian  and  Carboniferous  periods,  and  the  existence  of  very  similar 
forms  in  the  corresponding  deposits  of  every  continent — as  well  as  the 
occurrence  of  sedimentary  rocks,  indicating  the  proximity  of  land  at 
the  time  of  their  deposit  over  a  large  portion  of  the  surface  of  all  the 
continents,  and  in  every  geological  period — assure  us  that  no  such  dis- 
appearance has  ever  occurred. 

Oceanic  and  Continental  Areas. 

When  we  speak  of  the  permanence  of  oceanic  and  continental 
areas  as  one  of  the  established  facts  of  modern  research,  we  do  not 
mean  that  existing  continents  and  oceans  have  always  maintained  the 
exact  areas  and  outlines  that  they  now  present,  but  merely  that  while 
all  of  them  have  been  undergoing  changes  in  outline  and  extent  from 
age  to  age  they  have  yet  maintained  substantially  the  same  positions, 
and  have  never  actually  changed  places  with  each  other.  There  are, 
moreover,  certain  physical  and  biological  facts  which  enable  us  to 
mark  out  these  areas  with  some  confidence. 

We  have  seen  that  there  are  a  large  number  of  islands  which  may 
be  classed  as  oceanic,  because  they  have  never  formed  parts  of  con- 
tinents, but  have  originated  in  mid-ocean,  and  have  derived  their  forms 
of  life  by  migration  across  the  sea.  Their  peculiarities  are  seen  to  be 
very  marked  in  comparison  with  those  islands  which  there  is  good 
reason  to  believe  are  really  fragments  of  more  extensive  land-areas, 
and  are  hence  termed  "continental."  These  continental  islands  con- 
sist in  every  case  of  a  variety  of  stratified  rocks  of  various  ages,  thus 
corresponding  closely  with  the  usual  structure  of  continents ;  although 
many  of  the  islands  are  small  like  Jersey  or  the  Shetland  Islands,  or 
far  from  continental  land  like  the  Falkland  Islands  or  New  Zealand. 
They  all  contain  indigenous  mammalia  or  batrachia,  and  generally  a 
much  greater  variety  of  birds,  reptiles,  insects,  and  plants,  than  do  the 
oceanic  islands.  From  these  various  characteristics  we  conclude  that 
they  have  all  once  formed  parts  of  continents,  or  at  all  events  of 
much  larger  land-areas,  and  have  become  isolated,  either  by  subsi- 
dence of  the  intervening  land  or  by  the  effects  of  long-continued 
marine  denudation. 

Now,  if  we  trace  the  thousand-fathom  line  around  all  our  existing 
continents  we  find  that,  with  only  two  exceptions,  every  island  which 
can  be  classed  as  "continental"  falls  within  this  line,  while  all  that  lie 
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beyond  it  have  the  undoubted  characteristics  of  "oceanic"  islands.  We 
therefore  conclude  that  the  thousand-fathom  line  marks  out,  approx- 
imately, the  "continental  area," — that  is,  the  limits  within  which  con- 
tinental development  and  change  throughout  known  geological  time 
have  gone  on.  There  may,  of  course,  have  been  some  extensions  of 
land  beyond  this  limit,  while  some  areas  within  it  may  always  have 
been  ocean ;  but  so  far  as  we  have  any  direct  evidence,  this  line  may 
be  taken  to  mark  out,  approximately,  the  most  probable  boundary 
between  the  "continental  area,"  which  has  always  consisted  of  land 
and  shallow  sea  in  varying  proportions,  and  the  great  oceanic  basins, 
within  the  limits  of  which  volcanic  activity  has  been  building  up  nu- 
merous islands,  but  whose  profound  depths  have  apparently  undergone 
little  change. 

Madagascar  and  New  Zealand. 

The  two  exceptions  just  referred  to  are  Madagascar  and  New  Zea- 
land, and  all  the  evidence  goes  to  show  that  in  these  cases  the  land 
connection  with  the  nearest  continental  area  was  very  remote  in  time. 
The  extraordinary  isolation  of  the  productions  of  Madagascar — almost 
all  the  most  characteristic  forms  of  mammalia,  birds,  and  reptiles  of 
Africa  being  absent  from  it — renders  it  certain  that  it  must  have  been 
separated  from  that  continent  very  early  in  the  Tertiary,  if  not  as  far 
back  as  the  latter  part  of  the  Secondary  period;  and  this  extreme 
antiquity  is  indicated  by  a  depth  of  considerably  more  than  a  thousand 
fathoms  in  the  Mozambique  Channel,  though  this  deep  portion  is  less 
than  a  hundred  miles  wide  between  the  Comoro  Islands  and  the  main- 
land.* Madagascar  is  the  only  island  on  the  globe  with  a  fairly  rich 
mammalian  fauna  which  is  separated  from  a  continent  by  a  depth 
greater  than  a  thousand  fathoms ;  and  no  other  island  presents  so  many 
peculiarities  in  these  animals,  or  has  preserved  so  many  lowly  organized 
and  archaic  forms.  The  exceptional  character  of  its  productions 
agrees  exactly  with  its  exceptional  isolation  by  means  of  a  very  deep 
arm  of  the  sea. 

New  Zealand  possesses  no  known  mammals  and  only  a  single  spe- 
cies of  batrachian ;  but  its  geological  structure  is  perfectly  continental. 
There  is  also  much  evidence  that  it  does  possess  one  mammal,  although 
no  specimens  have  been  yet  obtained,  f  Its  reptiles  and  birds  are 
highly  peculiar,  and  more  numerous  than  in  any  truly  oceanic  island. 
Now  the  sea  which  directly  separates  New  Zealand  from  Australia  is 
more  than  2,000  fathoms  deep,  but  in  a  northwest  direction  there  is  an 
extensive  bank  under  1,000  fathoms,  extending  to  and  including  Lord 
Howe's  Island,  while  north  of  this  are  other  banks  of  the  same  depth, 
approaching  toward  a  submarine  extension  of  Queensland  on  the  one 
hand  and  New  Caledonia  on  the  other,  and  altogether  suggestive  of  a 
land-union  with  Australia  at  some  very  remote  period.  Now  the 
peculiar  relations  of  the  New  Zealand  fauna  and  flora  with  those  of 
Australia  and  of  the  tropical  Pacific  Islands  to  the  northward  indicate 
such  a  connection,  probably  during  the  Cretaceous  period ;  and  here, 

*  For  a  full  account  of  the  peculiarities  of  the  Madagascar  fauna,  see  my 
Island  Life,  chap.  xix. 

t  See  Island  Life,  p.  446,  and  the  whole  of  chaps,  xxi.  and  xxii.  More  recent 
soundings  have  shown  that  the  map  at  p.  443,  as  well  as  that  of  the  Madagascar 
group  at  p.  387,  are  erroneous,  the  ocean  around  Norfolk  Island  and  in  the  Straits 
of  Mozambique  being  more  than  1000  fathoms  deep.  The  general  argument  is, 
however,  unaffected. 
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again,  we  have  the  exceptional  depth  of  the  dividing  sea  and  the  form 
of  the  ocean-bottom  according  well  with  the  altogether  exceptional 
isolation  of  New  Zealand,  an  isolation  which  has  been  held  by  some 
naturalists  to  be  great  enough  to  justify  its  claim  to  be  one  of  the 
primary  Zoological  Regions. 

The  Teachings   of  the  Thousand- Fathom  Line. 

If  now  we  accept  the  annexed  map  as  showing  us  approximately 
how  far  beyond  their  present  limits  our  continents  may  have  extended 
during  any  portion  of  the  Tertiary  and  Secondary  periods,  we  shall 
obtain  a  foundation  of  inestimable  value  for  our  inquiries  into  those 
migrations  of  animals  and  plants  during  past  ages  which  Lave  resulted 
in  their  present  peculiarities  of  distribution.  "We  see,  for  instance, 
that  the  South  American  and  African  continents  have  always  been 
separated  by  nearly  as  wide  an  oceau  as  at  present,  and  that  whatever 
similarities  there  may  be  in  their  productious  must  be  due  to  the 
similar  forms  having  been  derived  from  a  common  origin  in  one  of  the 
great  northern  continents.  The  radical  difference  between  the  higher 
forms  of  life  of  the  two  continents  accords  perfectly  with  their  perma- 
nent separation.  If  there  had  been  any  direct  connection  between 
them  during  Tertiary  times,  we  should  hardly  have  found  the  deep- 
seated  differences  between  the  Qnadrumana  of  the  two  regions  —  no 
family  even  being  common  to  both ;  nor  the  peculiar  Insectivora  of 
the  one  continent,  and  the  equally  peculiar  Edentata  of  the  other. 
The  very  numerous  families  of  birds  quite  peculiar  to  one  or  other  of 
these  continents,  many  of  which,  by  their  structural  isolation  and 
varied  development  of  generic  and  specific  forms,  indicate  a  high 
antiquity,  equally  suggest  that  there  has  been  no  near  approach  to  a 
land-connection  during  the  same  epoch. 

Looking  to  the  two  great  northern  continents,  we  see  indications 
of  a  possible  connection  between  them  both  in  the  North  Atlantic  and 
the  North  Pacific  oceans ;  and  when  we  remember  that  from  middle 
Tertiary  times  backward  —  so  far  as  we  know  continuously  to  the 
earliest  Palaeozoic  epoch  —  a  temperate  and  equable  climate,  with 
abundant  woody  vegetation,  prevailed  up  to  and  within  the  arctic 
circle,  we  see  what  facilities  may  have  been  afforded  for  migration 
from  one  continent  to  the  other,  sometimes  between  America  and 
Asia.  Admitting  these  highly  probable  connections,  no  bridging  of 
the  Atlantic  in  more  southern  latitudes  (of  which  there  is  not  a 
particle  of  evidence)  will  have  been  necessary  to  account  for  all  the 
iutermigration  that  has  occurred  between  the  two  continents.  If,  on 
the  other  hand,  we  remember  how  long  must  have  been  the  route,  and 
how  diverse  must  always  have  been  the  conditions  between  the  more 
northern  and  the  more  southern  portions  of  the  American  and  Euro- 
Asiatic  continents,  we  shall  not  be  surprised  that  many  widespread 
forms  in  either  continent  have  not  crossed  into  the  other;  and  that 
while  the  skunks  (Mephitis),  the  pouched  rats  (Saccomyidce),  and  the 
turkeys  (Meleagris),  are  confined  to  America,  the  pigs  and  the  hedge- 
hogs, the  true  flycatchers  and  the  pheasants  are  found  only  in  the 
Euro-Asiatic  continent.  But,  just  as  there  have  been  periods  which 
facilitated  in  termination  between  America  and  the  Old  World,  there 
have  almost  certainly  been  periods,  perhaps  of  long  duration  even 
geologically,  when  these  continents  have  been  separated  by  seas  as 
wide  as,  or  even  wider  than,  those  of  the  present  day ;  and  thus  may 
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be  explained  such  curious  anomalies  as  the  origination  of  the  camel- 
tribe  in  America,  and  its  entrance  into  Asia  in  comparatively  recent 
Tertiary  times,  while  the  introduciion  of  oxen  and  bears  into  America 
from  the  Euro-Asiatic  continent  appears  to  have  been  equally 
recent.* 

We  shall  find  on  examination  that  this  view  of  the  general  per- 
manence of  the  oceanic  and  continental  areas,  with  constant  minor 
fluctuations  of  land  and  sea  over  the  whole  extent  of  the  latter, 
enables  us  to  understand  and  offer  a  rational  explanation  of  most 
of  the  difficult  problems  of  geographical  distribution ;  and  further, 
that  our  power  of  doing  this  is  in  direct  proportion  to  our  acquaintance 
with  the  distribution  of  fossil  forms  of  life  during  the  Tertiary  period. 
We  must,  also,  take  due  note  of  many  other  facts  of  almost  equal 
importance  for  a  due  appreciation  of  the  problems  presented  for  solu- 
tion, the  most  essential  being  the  various  powers  of  dispersal  pos- 
sessed by  the  different  groups  of  animals  and  plants,  the  geological 
antiquity  of  the  species  and  genera,  and  the  width  and  depth  of  the 
seas  which  separate  the  countries  they  inhabit.  A  few  illustrations 
will  now  be  given  of  the  way  in  which  these  branches  of  knowledge 
enable  us  to  deal  with  the  difficulties  and  anomalies  that  present 
themselves. 

The  Distribution  of  Marsupials. 

This  singular  and  lowly  organized  type  of  mammals  constitutes 
almost  the  sole  representative  of  the  class  in  Australia  and  New 
Guinea,  while  it  is  entirely  unknown  in  Asia,  Africa,  or  Europe.  It 
reappears  in  America,  where  several  species  of  opossums  are  found ; 
and  it  was  long  thought  necessary  to  postulate  a  direct  southern  con- 
nection of  these  distant  countries,  in  order  to  account  for  this  curious 
fact  of  distribution.  When,  however,  we  look  to  what  is  known  of  the 
geological  history  of  the  marsupials  the  difficulty  vanishes.  In  the 
Upper  Eocene  deposits  of  Western  Europe  the  remains  of  several 
animals  closely  allied  to  the  American  opossums  have  been  found ; 
and  as,  at  this  period,  a  very  mild  climate  prevailed  far  up  into  the 
arctic  regions,  there  is  no  difficulty  in  supposing  that  the  ancestors 
of  the  group  entered  America  from  Europe  or  Northern  Asia  during 
early  Tertiary  times. 

But  we  must  go  much  further  back  for  the  origin  of  the  Australian 
marsupials.  All  the  chief  types  of  the  higher  mammalia  were  in 
existence  in  the  Eocene,  if  not  in  the  preceding  Cretaceous  period; 
and  as  we  find  none  of  these  in  Australia,  that  country  must  have 
been  finally  separated  from  the  Asiatic  continent  during  the  Secondary 
or  Mesozoic  period.  Now  during  that  period,  in  the  Upper  and  the 
Lower  Oolite  and  in  the  still  older  Trias,  the  jaw-bones  of  numerous 
small  mammalia  have  been  found,  forming  eight  distinct  genera,  which 
are  believed  to  have  been  either  marsupials  or  some  allied  lowly 
forms.  In  North  America  also,  in  beds  of  the  Jurassic  and  Triassic 
formations,  the  remains  of  an  equally  great  variety  of  these  small 
mammalia  have  been  discovered ;  and  from  the  examination  of  more 
than  sixty  specimens,  belonging  to  at  least  six  distinct  genera,  Pro- 
fessor Marsh  is  of  opinion  that  they  represent  a  generalized  type, 

*  For  some  details  of  these  migrations,  see  the  author's  Geographical  Distribu- 
tion of  Animals,  vol.  i.  p.  140;  also  Heilprin's  Geographical  and  Geological  Dis- 
tribution of  Animals. 
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from  which  the  more  specialized  marsupials  and   insectivora  were 
developed. 

From  the  fact  that  very  similar  mammals  occur  both  in  Europe 
and  America  at  corresponding  periods,  and  in  beds  which  represent  a 
long  succession  of  geological  time,  and  that  during  the  whole  of  this 
time  no  fragments  of  any  higher  forms  have  been  discovered,  it  seems 
probable  that  both  the  northern  continents  (or  the  larger  portion  of 
their  area)  were  then  inhabited  by  no  other  mammalia  than  these,  with 
perhaps  other  equally  low  types.  It  was,  probably,  not  later  than  the 
Jurassic  age  when  some  of  these  primitive  marsupials  were  able  to 
enter  Australia,  where  they  have  since  remained  almost  completely 
isolated ;  and,  being  free  from  the  competition  of  higher  forms,  they 
have  developed  into  the  great  variety  of  types  we  now  behold  there. 
These  occupy  the  place  and  have  to  some  extent  acquired  the  form 
and  structure  of  distinct  orders  of  the  higher  mammals  —  the  rodents, 
the  insectivora,  and  the  carnivora, —  while  still  preserving  the  essential 
characteristics  and  low  organization  of  the  marsupials.  At  a  much 
later  period  —  probably  in  late  Tertiary  times  —  the  ancestors  of  the 
various  species  of  rats  and  mice  which  now  abound  in  Australia,  and 
which,  with  the  aerial  bats,  constitute  its  only  forms  of  placental 
mammals,  entered  the  country  from  some  of  the  adjacent  islands. 
For  this  purpose  a  land-connection  was  not  necessary,  as  these  small 
creatures  might  easily  be  conveyed  among  the  branches  or  in  the 
crevices  of  trees  uprooted  by  floods  and  carried  down  to  the  sea,  and 
then  floated  to  a  shore  many  miles  distant.  That  no  actual  land-con- 
nection with,  or  very  close  approximation  to,  an  Asiatic  island  has 
occurred  in  recent  times,  is  sufficiently  proved  by  the  fact  that  no 
squirrel,  pig,  civet,  or  other  widespread  mammal  of  the  Eastern 
hemisphere  has  been  able  to  reach  the  Australian  continent. 

The  Distribution   of  Tapirs. 

These  curious  animals  form  one  of  the  puzzles  of  geographical 
distribution,  being  now  confined  to  two  very  remote  regions  of  the 
globe  —  the  Malay  peninsula  and  adjacent  islands  of  Sumatra  and 
Borneo,  inhabited  by  one  species,  and  tropical  America,  where  there 
are  three  or  four  species,  ranging  from  Brazil  to  Ecuador  and 
Guatemala.  If  we  considered  these  living  forms  only,  we  should  be 
obliged  to  speculate  on  enormous  changes  of  land  and  sea  in  order 
that  these  tropical  animals  might  have  passed  from  one  country  to 
the  other.  But  geological  discoveries  have  rendered  all  such  hypo- 
thetical changes  unnecessary.  During  Miocene  and  Pliocene  times 
tapirs  abounded  over  the  whole  of  Europe  and  Asia,  their  remains 
having  been  found  in  the  tertiary  deposits  of  France,  India,  Burmah, 
and  China.  In  both  North  and  South  America  fossil  remains  of  tapirs 
occur  only  in  caves  and  deposits  of  Post-Pliocene  age,  showing  that 
they  are  comparatively  recent  immigrants  into  that  continent.  They 
perhaps  entered  by  the  route  of  Kamchatka  and  Alaska,  where  the 
climate,  even  now  so  much  milder  and  more  equable  than  on  the 
northeast  of  America,  might  have  been  warm  enough  in  late  Pliocene 
times  to  have  allowed  the  migration  of  these  animals.  In  Asia  they 
were  driven  southwards  by  the  competition  of  numerous  higher  and 
more  powerful  forms,  but  have  found  a  last  resting-place  in  th« 
swampy  forests  of  the  Malay  region. 
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What  these  Facts  Prove. 

Now  these  two  cases  of  the  marsupials  and  the  tapirs  are  in  th« 
highest  degree  instructive,  because  they  show  us  that,  without  any 
hypothetical  bridging  of  deep  oceans,  and  svith  only  such  changes  of 
sea  and  land  as  are  indicated  by  the  extent  of  the  comparatively 
shallow  seas  surrounding  and  connecting  the  existing  continents,  we 
are  able  to  account  for  the  anomaly  of  allied  forms  occurring  only  in 
remote  and  widely  separated  areas.  These  examples  really  constitute 
crucial  tests,  because,  of  all  classes  of  animals,  mammalia  are  least 
able  to  surmount  physical  barriers.  They  are  obviously  unable  to 
pass  over  wide  arms  of  the  sea,  while  the  necessity  for  constant  sup- 
plies of  food  and  water  renders  sandy  deserts  or  snow-clad  plains 
equally  impassable.  Then,  again,  the  peculiar  kinds  of  food  on  which 
alone  many  of  them  can  subsist,  and  their  liability  to  the  attacks  of 
other  animals,  put  a  further  check  upon  their  migrations.  In  these 
respects  almost  all  other  organisms  have  great  advantages  over  mam- 
mals. Birds  can  often  fly  long  distances,  and  can  thus  cross  arms  of 
the  sea,  deserts,  or  mountain-ranges ;  insects  not  only  fly,  but  are 
frequently  carried  great  distances  by  gales  of  wind,  as  shown  by  the 
numerous  cases  of  their  visits  to  ships  hundreds  of  miles  from  land. 
Reptiles,  though  slow  of  movement,  have  advantages  in  their  greater 
capacity  for  enduring  hunger  or  thirst,  their  power  of  resisting  cold 
or  drought  in  a  state  of  torpidity,  and  they  have  "»,lso  some  facilities 
for  migration  across  the  sea  by  means  of  their  eggs,  which  may  be 
conveyed  in  crevices  of  timber  or  among  masses  of  floating  vegetable 
matter.  And  when  we  come  to  the  vegetable  kingdom,  the  means  of 
transport  are  at  their  maximum,  numbers  of  seeds  having  special 
adaptations  for  being  carried  by  mammalia  or  birds,  and  for  floating 
in  the  water,  or  through  the  air,  while  many  are  so  small  and  so  light 
that  there  is  practically  no  limit  to  the  distances  they  may  be  carried 
by  gales  and  hurricanes. 

We  may,  therefore,  feel  quite  certain  that  the  means  of  distribution 
that  have  enabled  the  larger  mammalia  to  reach  the  most  remote 
regions  from  a  common  starting-point,  will  be  at  least  as  efficacious, 
and  usually  far  more  efficacious,  with  all  other  land  animals  and 
plants ;  and  if  in  every  case  the  existing  distribution  of  this  class  can 
be  explained  on  the  theory  of  oceanic  and  continental  permanence, 
with  the  limited  changes  of  sea  and  land  already  referred  to,  no  valid 
objections  can  be  taken  against  this  theory  founded  on  anomalies  of 
distribution  in  other  orders.  Yet  nothing  is  more  common  than  for 
students  of  this  or  that  group  to  assert  that  the  theory  of  oceanic 
permanence  is  quite  inconsistent  with  the  distribution  of  its  various 
species  and  genera.  Because  a  few  Indian  genera  and  closely  allied 
species  of  birds  are  found  in  Madagascar,  a  land  termed  "Lemuria" 
has  been  supposed  to  have  united  the  two  countries  during  a  com- 
paratively recent  geological  epoch ;  while  the  similarity  of  fossil 
plants  and  reptiles,  from  the  Permian  and  Miocene  formations  of  India 
and  South  Africa,  has  been  adduced  as  further  evidence  of  this  con- 
nection. But  there  are  also  genera  of  snakes,  of  insects,  and  of 
plants,  common  to  Madagascar  and  South  America  only,  which  have 
been  held  to  necessitate  a  direct  land -connection  between  these 
countries.  These  views  evidently  refute  themselves,  because  any  such 
land-connections  must  have  led  to  a  far  greater  similarity  in  the  pro- 
ductions of  the  several  countries  than  actually  exists,  and  would 
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besides  render  altogether  inexplicable  the  absence  of  all  the  chief 
types  of  African  and  Indian  mammalia  from  Madagascar,  and  its 
marvelous  individuality  in  every  department  of  the  organic  world.* 

Powers   of  Dispersal  as   illustrated  by  Insular  Organisms. 

Having  arrived  at  the  conclusion  that  our  existing  oceans  have 
remained  practically  unaltered  throughout  the  Tertiary  and  Secondary 
periods  of  geology,  and  that  the  distribution  of  the  mammalia  is  such 
as  might  have  been  brought  about  by  their  known  powers  of  dispersal, 
and  by  such  changes  of  land  and  sea  as  have  probably  or  certainly 
occurred,  we  are,  of  course,  restricted  to  similar  causes  to  explain  the 
much  wider  and  sometimes  more  eccentric  distribution  of  other 
classes  of  animals  and  of  plants.  In  doing  so,  we  have  to  rely  partly 
on  the  direct  evidence  of  dispersal  afforded  by  the  land  organisms 
that  have  been  observed  far  out  at  sea  or  which  have  taken  refuge  on 
ships,  as  well  as  by  the  periodical  visitants  to  remote  islands ;  but 
very  largely  on  indirect  evidence  afforded  by  the  frequent  presence  of 
certain  groups  on  remote  oceanic  islands,  which  some  ancestral  forms 
must,  therefore,  have  reached  by  transmission  across  the  ocean  from 
distant  lands. 

Birds. 

These  vary  much  in  their  powers  of  flight,  and  their  capability  of 
traversing  wide  seas  and  oceans.  Many  swimming  and  wading  birds 
can  continue  long  on  the  wing,  fly  swiftly,  and  have,  besides,  the  power 
of  resting  safely  on  the  surface  of  the  water.  These  would  hardly  be 
limited  by  any  width  of  ocean,  except  for  the  need  of  food ;  and  many  of 
them,  as  the  gulls,  petrels,  and  divers,  find  abundance  of  food  on  the 
surface  of  the  sea  itself.  These  groups  have  a  wide  distribution  across 
the  oceans ;  while  waders — especially  plovers,  sandpipers,  snipes,  and 
herons — are  equally  cosmopolitan,  traveling  along  the  coasts  of  all  the 
continents,  and  across  the  narrow  seas  which  separate  them.  Many  of 
these  birds  seem  unaffected  by  climate,  and  as  the  organisms  on 
which  they  feed  are  equally  abundant  on  arctic,  temperate,  and  trop- 
ical shores,  there  is  hardly  any  limit  to  the  range  even  of  some  of  the 
species. 

Land-birds  are  much  more  restricted  in  their  range,  owing  to  their 
usually  limited  powers  of  flight,  their  inability  to  rest  on  the  surface 
of  the  sea  or  to  obtain  food  from  it,  and  their  greater  specialization, 
which  renders  them  less  able  to  maintain  themselves  in  the  new  coun- 
tries they  may  occasionally  reach.  Many  of  them  are  adapted  to  live 
only  in  woods,  or  in  marshes,  or  in  deserts  ;  they  need  particular  kinds 
of  food  or  a  limited  range  of  temperature ;  and  they  are  adapted  to 
cope  only  with  the  special  enemies  or  the  particular  group  of  compet- 
itors among  which  they  have  been  developed.  Such  birds  as  these  may 
pass  again  and  again  to  a  new  country,  but  are  never  able  to  establish 
themselves  in  it ;  and  it  is  this  organic  barrier,  as  it  is  termed,  rather 
than  any  physical  barrier,  which,  in  many  cases,  determines  the  pres- 
ence of  a  species  in  one  area  and  its  absence  from  another.  We  must 
always  remember,  therefore,  that  although  the  presence  of  a  species  in 
a  remote  oceanic  island  clearly  proves  that  its  ancestors  must  at  one 
time  have  found  their  way  there,  the  absence  of  a  species  does  not 
prove  the  contrary,  since  it  also  may  have  reached  the  island,  but  have 

*  For  a  full  discussion  of  this  question,  see  Island  Life,  pp.  390-420. 
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been  unable  to  maintain  itself,  owing  to  the  inorganic  or  organic  con- 
ditions not  being  suitable  to  it.  This  general  principle  applies  to  all 
classes  of  organisms,  and  there  are  many  striking  illustrations  of  it. 
In  the  Azores  there  are  eighteen  spscies  of  land-birds  which  are  perma- 
nent residents,  but  there  are  also  several  others  which  reach  the  islands 
almost  every  year  after  great  storms,  but  have  never  been  able  to 
establish  themselves.  In  Bermuda  the  facts  are  still  more  striking, 
since  there  are  only  ten  species  of  resident  birds,  while  no  less  than 
twenty  other  species  of  land-birds  and  more  than  n,  hundred  species  of 
waders  and  aquatics  are  frequent  visitors,  often  in  great  numbers,  but 
are  never  able  to  establish  themselves.  On  the  same  principle  we 
account  for  the  fact  that,  of  the  many  continental  insects  and  birds 
that  have  been  let  loose,  or  have  escaped  from  confinement,  in  this 
country,  hardly  one  has  been  able  to  maintain  itself,  and  the  same 
phenomenon  is  still  more  striking  in  the  case  of  plants.  Of  the  thous- 
ands of  hardy  plants  which  grow  easily  in  our  gardens  very  few  have  ever 
run  wild,  and  when  the  experiment  is  purposely  tried  it  invariably  fails. 
Thus  A.  de  Candolle  informs  us  that  several  botanists  of  Paris,  Geneva, 
and  especially  of  Montpellier,  have  sown  the  seeds  of  many  hundreds 
of  species  of  exotic  hardy  plants,  in  what  appeared  to  be  the  most 
favorable  situations,  but  that  in  hardly  a  single  case  has  any  one  of 
them  become  naturalized.*  Still  more,  then,  in  plants  than  in  animals 
the  absence  of  a  species  does  not  prove  that  it  has  never  reached  the 
locality,  but  merely  that  it  has  not  been  able  to  maintain  itself  in  com- 
petition with  the  native  productions.  In  other  cases,  as  we  have  seen, 
facts  of  an  exactly  opposite  nature  occur.  The  rat,  the  pig,  and  the 
rabbit,  the  water-cress,  the  clover,  and  many  other  plants,  when  intro- 
duced into  New  Zealand,  flourish  exceedingly,  and  even  exterminate 
their  native  competitors ;  so  that  in  these  cases  we  may  feel  sure  that 
the  species  in  question  did  not  exist  in  New  Zealand  simply  because 
they  had  been  unable  to  reach  that  country  by  their  natural  means  of 
dispersal.  I  will  now  give  a  few  cases,  in  addition  to  those  recorded 
in  my  previous  works,  of  birds  and  insects  which  have  been  observed 
far  from  any  land. 

Birds   and  Insects   at  Sea. 

Captain  D.  Fullarton  of  the  ship  Timaru  recorded  in  his  log  the 
occurrence  of  a  great  number  of  small  land-birds  about  the  ship  on 
15th  March,  1880,  when  in  Lat.  48°  31'  N.,  Long.  8°  16'  W.  He  says: 
"A  great  many  small  land-birds  about  us;  put  about  sixty  into  a  coop, 
evidently  tired  out."  And  two  days  later,  17th  March,  "Over  fifty  of 
the  birds  cooped  on  loth  died,  though  fed.  Sparrows,  finches,  water- 
wagtails,  two  small  birds,  name  unknown,  one  kind  like  a  linnet,  and  a 
large  bird  like  a  starling.  In  all  there  have  been  on  board  over 
seventy  birds,  besides  some  that  hovered  about  us  for  some  time  and 
then  fell  into  the  sea  exhausted."  Easterly  winds  and  severe  weather 
were  experienced  at  the  time.t  The  spot  where  this  remarkable  flight 
of  birds  was  met  with  is  about  160  miles  due  west  of  Brest,  and  this 
is  the  least  distance  the  birds  must  have  been  carried.  It  is  interesting 
to  note  that  the  position  of  the  ship  is  nearly  in  the  line  from  the  Eng- 
lish and  French  coasts  to  the  Azores,  where,  after  great  storms,  so 
many  bird-stragglers  arrive  annually.  These  birds  were  probably 
blown  out  to  se?.  during  their  spring  migration  along  the  south  coast 

*  Geographic  Botaniqiic,  p.  798.  t  yatnre,  1st  April,  1886. 
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of  England  to  Wales  and  Ireland.  During  the  autumnal  migration, 
however,  great  fiooks  of  birds — especially  starlings,  thrushes,  and  field- 
fares— have  been  observed  every  year  flying  out  to  sea  from  the  west 
coast  of  Ireland,  almost  the  whole  of  which  must  perish.  At  the  Nash 
Lighthouse,  in  the  Bristol  Channel  on  the  coast  of  Glamorganshire, 
an  enormous  number  of  small  birds  were  observed  on  3d  September, 
including  nightjars,  buntings,  white-throats,  willow-wrens,  cuckoos, 
house-spMrrows,  robins,  wheatears,  and  blackbirds.  These  had  prob- 
ably crossed  from  Somersetshire,  and  had  they  been  caught  by  a  storm 
the  larger  portion  of  them  must  have  been  blown  out  to  sea.* 

These  facts  enable  us  to  account  sufficiently  well  for  the  birds  of 
oceanic  islands,  the  number  and  variety  of  which  are  seen  to  be  pro- 
portionate to  their  facilities  for  reaching  the  island  and  maintaining 
themselves  in  it.  Thus,  though  more  birds  yearly  reach  Bermuda  than 
the  Azores,  the  number  of  residents  in  the  latter  islands  is  much  larger, 
due  to  the  greater  extent  of  the  islands,  their  number,  and  their  more 
varied  surface.  In  the  Galapagos  the  land-birds  are  still  more  numer- 
ous, due  in  part  to  their  larger  area  and  greater  proximity  to  the  con- 
tinent, but  chiefly  to  the  absence  of  storms,  so  that  the  birds  which 
originally  reached  the  islands  have  remained  long  isolated  and  have 
developed  into  many  closely  allied  species  adapted  to  the  special  con- 
ditions. All  the  species  of  the  Galapagos  but  one  are  peculiar  to  the 
islands,  while  the  Azores  possess  only  one  peculiar  species,  and  Ber- 
muda none, —  a  fact  which  is  clearly  due  to  the  continual  immigration 
of  fresh  individuals  keeping  up  the  purity  of  the  breed  by  intercross- 
ing. In  the  Sandwich  Islands,  which  are  extremely  isolated,  being 
more  than  2,000  miles  from  any  continent  or  large  island,  we  have  a 
condition  of  things  similar  to  what  prevails  in  the  Galapagos,  the  land- 
birds,  eighteen  in  number,  being  all  peculiar,  and  belonging,  except 
one,  to  peculiar  genera.  These  birds  have  probably  all  descended 
from  three  or  four  original  types  which  reached  the  islands  at  some 
remote  period,  probably  by  means  of  intervening  islets  that  have  since 
disappeared.  In  St.  Helena  we  have  a  degree  of  permanent  isolation 
which  has  prevented  any  land-birds  from  reaching  the  island;  for 
although  its  distance  from  the  continent,  1100  miles,  is  not  so  great 
as  in  the  case  of  the  Sandwich  Islands,  it  is  situated  in  an  ocean  almost 
entirely  destitute  of  small  islands,  while  its  position  within  the  tropics 
renders  it  free  from  violent  storms.  Neither  is  there,  on  the  nearest 
part  of  the  coast  of  Africa,  a  perpetual  stream  of  migrating  birds  Jike 
that  which  supplies  the  innumerable  stragglers  which  every  year  reach 
Bermuda  and  the  Azores. 

Insects. 

Winged  insects  have  been  mainly  dispersed  in  the  same  way  as 
birds,  by  their  power  of  flight,  aided  by  violent  or  long-continued 
winds.  Being  so  small,  and  of  such  low  specific  gravity,  they  are 
occasionally  carried  to  still  greater  distances ;  and  thus  no  islands, 
however  remote,  are  altogether  without  them.  The  eggs  of  insects, 
being  often  deposited  in  borings  or  in  crevices  of  timber,  may  have 
been  conveyed  long  distances  by  floating  trees,  as  may  the  larvae  of 
those  species  which  feed  on  wood.  Several  cases  have  been  published 
of  insects  coming  on  board  ships  at  great  distances  from  land ;  and 

*  Report  of  the  Brit.  Assoe.  Committee  on  Migration  of  Birds  during  1886. 
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Darwin  records  having  caught  a  large  grasshopper  when  the  ship 
was  370  miles  from  the  coast  of  Africa,  whence  the  insect  had 
probably  come. 

In  the  Entomologists'  Monthly  Magazine  for  June,  1885,  Mr. 
MacLachlan  has  recorded  the  occurrence  of  a  swarm  of  moths  in 
the  Atlantic  Ocean,  from  the  log  of  the  ship  Pleione.  The  vessel  was 
homeward  bound  from  New  Zealand,  and  in  Lat.  6°  47'  N.,  Long. 
32°  50'  W.,  hundreds  of  moths  appeared  about  the  ship,  settling  iu 
numbers  on  the  spars  and  rigging.  The  wind  for  four  days  previously 
had  been  very  light  from  north,  northwest,  or  northeast,  and  some- 
times calm.  The  northeast  trade-wind  occasionally  extends  to  the 
ship's  position  at  that  time  of  year.  The  captain  adds  that  "fre- 
quently, in  tbat  part  of  the  ocean,  he  has  had  moths  and  butterflies 
come  on  board."  The  position  is  960  miles  southwest  of  the  Cape 
Verde  Islands,  and  about  440  northeast  of  the  South  American  coast. 
The  specimen  preserved  is  Deiopeia  pulchella,  a  very  common  species 
in  dry  localities  in  the  Eastern  tropics,  and  rarely  found  in  Britain, 
but,  Mr.  MacLachlan  thinks,  not  found  in  South  America.  They 
must  have  come,  therefore,  from  the  Cape  Verde  Islands,  or  from 
some  parts  of  the  African  coast,  and  must  have  traversed  about  a 
thousand  miles  of  ocean  with  the  assistance,  no  doubt,  of  a  strong 
northeast  trade-wind  for  a  great  part  of  the  distance.  In  the  British 
Museum  collection  there  is  a  specimen  of  the  same  moth  caught  at 
sea  during  the  voyage  of  the  Rattlesnake,  in  Lat.  6°  N.,  Long.  22^° 
W.,  being  between  the  former  position  and  Sierra  Leone,  thus  ren- 
dering it  probable  that  the  moths  came  from  that  part  of  the  African 
coast,  in  which  case  the  swarm  encountered  by  the  Pleione  must  have 
traveled  more  than  1200  miles. 

A  similar  case  was  recorded  by  Mr.  F.  A.  Lucas  in  the  American 
periodical  Science  of  8th  April,  1887.  He  states  that  in  1870  he  met 
with  numerous  moths  of  many  species  while  at  sea  in  the  South 
Atlantic  (Lat.  25°  S.,  Long.  24°  W.),  about  1000  miles  from  the  coast 
of  Brazil.  As  this  position  is  just  beyond  the  southeast  trades,  the 
insects  may  have  been  brought  from  the  land  by  a  westerly  gale.  In 
the  Zoologist  (1864,  p.  8,920)  is  the  record  of  a  small  longicorn  beetle 
which  flew  on  board  a  ship  500  miles  off  the  west  coast  of  Africa. 
Numerous  other  cases  are  recorded  of  insects  at  less  distances  from 
land,  and,  taken  in  connection  with  those  already  given,  they  are 
sufficient  to  show  that  great  numbers  must  be  continually  carried  out 
to  sea,  and  that  occasionally  they  are  able  to  reach  enormous  dis- 
tances. But  the  reproductive  powers  of  insects  are  so  great  that 
all  we  require,  in  order  to  stock  a  remote  island,  is  that  some  few 
specimens  shall  reach  it  even  once  in  a  century,  or  once  in  a 
thousand  years. 

Insects   at  great  Altitudes. 

Equally  important  is  the  proof  we  possess  that  insects  are  often 
carried  to  great  altitudes  by  upward  currents  of  air.  Humboldt  noticed 
them  up  to  heights  of  15,000  and  18,000  feet  in  South  America,  and 
Mr.  Albert  Muller  has  collected  many  interesting  cases  of  the  same 
chai-acter  in  Europe.*  A  moth  (Plusia  gamma)  has  been  found  on 
the  summit  of  Mont  Blanc ;  small  hyuienoptera  and  moths  have  been 
seen  on  the  Pyrenees  at  a  height  of  11,000  feet,  while  numerous  flies 

*  Trans.  Ent.  Soc.,  1871,  p.  184. 
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and  beetles,  some  of  considerable   size,  have  been  caught  on  the 

glaciers  and  snow-fields  of  various  parts  of  the  Alps.  Upward  currents 
of  air,  whirlwinds  and  tornadoes,  occur  in  all  parts  of  the  world,  and 
large  numbers  of  insects  are  thus  carried  up  into  the  higher  regions 
of  the  atmosphere,  where  they  are  liable  to  be  caught  by  strong  winds, 
and  thus  conveyed  enormous  distances  over  seas  or  continents.  With 
such  powerful  means  of  dispersal  the  distribution  of  insects  over  the 
entire  globe,  and  their  presence  in  the  most  remote  oceanic  islands, 
offer  no  difficulties. 

The  Dispersal  of  Plants. 

The  dispersal  of  seeds  is  effected  in  a  greater  variety  of  ways  than 
are  available  in  the  case  of  any  animals.  Some  fruits  or  seed-vessels, 
and  some  seeds,  will  float  for  many  weeks,  and  after  immersion  in  salt 
water  for  that  period  the  seeds  will  often  germinate.  Extreme  cases 
are  the  double  cocoanut  of  the  Seychelles,  which  has  been  found  on 
the  coast  of  Sumatra,  about  3.000  miles  distant;  the  fruits  of  the 
Sapindus  saponaria  (soapberry),  which  has  been  brought  to  Bermuda 
by  the  Gulf  Stream  from  the  West  Indies,  and  has  grown  after  a 
journey  in  the  sea  of  about  1500  miles ;  and  the  West  Indian  bean. 
Entada  scandens,  which  reached  the  Azores  from  the  West  Indies,  a 
distance  of  full  3,000  miles,  and  afterwards  germinated  at  Kew.  By 
these  means  we  can  account  for  the  similarity  in  the  shore-flora  of 
the  Malay  Archipelago  and  most  of  the  islands  of  the  Pacific;  and 
from  an  examination  of  the  fruits  and  seeds  collected  among  drift 
during  the  voyage  of  the  Challenger  Mr.  Heinsley  has  compiled  a  list 
of  121  species  which  are  probably  widely  dispersed  by  this  means. 

A  still  larger  number  of  species  owe  their  dispersal  to  birds  in 
several  distinct  ways.  An  immense  number  of  fruits  in  all  parts  of 
the  world  are  devoured  by  birds,  and  have  been  attractively  colored 
(as  we  have  seen)  in  order  to  be  so  devoured,  because  the  seeds  pass 
through  the  birds'  bodies  and  germinate  where  they  fall.  We  have 
seen  how  frequently  birds  are  forced  by  gales  of  wind  across  a  wide 
expanse  of  ocean,  and  thus  seeds  must  be  occasionally  carried.  It  is 
a  very  suggestive  fact  that  all  the  trees  and  shrubs  in  the  Azores 
bear  berries  or  small  fruits  which  are  eaten  by  birds :  while  all  those 
which  bear  larger  fruits,  or  are  eaten  chiefly  by  mammals — such  as 
oaks,  beeches,  hazels,  crabs,  etc. —  are  entirely  wanting.  Game-birds 
and  waders  often  have  portions  of  mud  attached  to  their  feet,  and  Mr. 
Darwin  has  proved  by  experiment  that  such  mud  frequently  contains 
seeds.  One  partridge  had  such  a  quantity  of  mud  attached  to  its 
foot  as  to  contain  seeds  from  which  eighty-two  plants  germinated ; 
this  proves  that  a  very  small  portion  of  mud  may  serve  to  convey 
seeds,  and  such  an  occurrence  repeated  even  at  long  intervals  may 
greatly  aid  in  stocking  remote  islands  with  vegetation.  Many  seeds 
also  adhere  to  the  feathers  of  birds,  and  thus,  again,  may  be  conveyed 
as  far  as  birds  are  ever  carried.  Dr.  Guppy  found  a  small  hard  seed 
in  the  gizzard  of  a  Cape  Petrel  taken  about  450  miles  east  of  Tristan 
da  Cunha. 

Dispersal  of  Seeds   by   the  Wind. 

In  the  preceding  cases  we  have  been  able  to  obtain  direct  evidence 
of  transportal ;  but  although  we  know  that  many  seeds  are  specially 
adapted  to  be  dispersed  by  the  wind,  we  can  not  obtain  direct  proof 
that  they  are  so  carried  for  hundreds  or  thousands  of  miles  across  the 
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sea,  owing  to  the  difficulty  of  detecting  single  objects  which  are  so 
gmall  and  inconspicuous.  It  is  probable,  however,  that  the  wind  as 
an  agent  of  dispersal  is  really  more  effective  than  any  of  those  we 
have  hitherto  considered,  because  a  very  large  number  of  plants  have 
seeds  which  are  very  small  and  light,  and  are  often  of  such  a  form  as 
to  facilitate  aerial  carriage  for  enormous  distances.  It  is  evident  that 
such  seeds  are  especially  liable  to  be  transported  by  violent  winds, 
because  they  become  ripe  in  autumn  at  the  time  when  storms  are 
most  prevalent,  while  they  either  lie  upon  the  surface  of  the  ground, 
or  are  disposed  in  dry  capsules  on  the  plant  ready  to  be  blown  away. 
If  inorganic  particles  comparable  in  weight,  size,  or  form,  with  such 
seeds  are  carried  for  great  distances,  we  may  be  sure  that  seeds  will 
also  be  occasionally  carried  in  the  same  way.  It  will,  therefore,  be 
necessary  to  give  a  few  examples  of  wind-carriage  of  small  objects. 
On  27th  July,  1875,  a  remarkable  shower  of  small  pieces  of  hay 
occurred  at  Monkstown,  near  Dublin.  They  appeared  floating  slowly 
down  from  a  great  height,  as  if  falling  from  a  dark  cloud  which  hung 
overhead.  The  pieces  picked  up  were  wet,  and  varied  from  single 
blades  of  grass  to  tufts  weighing  one  or  two  ounces.  A  similar  shower 
occurred  a  few  days  earlier  in  Denbighshire,  and  was  observed 
to  travel  in  a  direction  contrary  to  that  of  the  wind  in  the  lower 
atmosphere.*  There  is  no  evidence  of  the  distance  from  which  the 
hay  was  brought,  but  as  it  had  been  carried  to  a  great  height  it  was 
in  a  position  to  be  conveyed  to  almost  any  distance  by  a  violent  wind, 
had  such  occurred  at  the  time. 

Mineral  Matter  carried  by   the  Wind. 

The  numerous  cases  of  sand  and  volcanic  dust  being  carried 
enormous  distances  through  the  atmosphere  sufficiently  prove  the 
importance  of  wind  as  a  carrier  of  solid  matter,  but  unfortunately 
the  matter  collected  has  not  been  hitherto  examined  with  a  view  to 
determine  the  maximum  size  and  weight  of  the  particles.  A  few 
facts,  however,  have  been  kindly  furnished  me  by  Professor  Judd, 
F.R.S.  Some  dust  which  fell  at  Genoa  on  15th  October,  1885,  and 
was  believed  to  have  been  brought  from  the  African  desert,  consisted 
of  quartz,  hornblende,  and  other  minerals,  and  contained  particles 
having  a  diameter  of  irfoj  inch,  each  weighing  gnoW  grain.  This  dust 
had  probably  traveled  over  600  miles.  In  the  dust  from  Krakatoa, 
which  fell  at  Batavia,  at  about  100  miles  distant,  during  the  great 
eruption,  there  are  many  solid  particles  even  larger  than  those 
mentioned  above.  Some  of  this  dust  was  given  me  by  Professor  Judd, 
and  I  found  in  it  several  ovoid  particles  of  a  much  larger  size,  being 
•fa  inch  long,  and  T"S  inch  wide  and  deep.  The  dust  from  the  same 
eruption,  which  fell  on  board  the  ship  Arabella,  970  miles  from  the 
volcano,  also  contained  solid  particles  irhn  inch  diameter.  Mr.  John 
Murray  of  the  Challenger  Expedition  writes  to  me  that  he  finds  in  the 
deep-sea  deposits  500  and  even  700  miles  west  of  the  coast  of  Africa 
rounded  particles  of  quartz  having  a  diameter  of  rb  inch,  and  similar 
particles  are  found  at  equally  great  distances  from  the  southwest 
coasts  of  Australia ;  and  he  considers  these  to  be  atmospheric  dust 
carried  to  that  distance  by  the  wind.  Taking  the  sp.  gr.  of  quartz  at 
2'6,  these  particles  would  weigh  about  nrtanr  grain  each.  These  in- 
teresting facts  can,  however,  by  no  means  be  taken  as  indicating  the 

*  Nature  (1875),  vol.  xii.  pp.  279,  298. 
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extreme  limits  of  the  power  of  wind  in  carrying  solid  particles.  During 
the  Krakatoa  eruption  no  gale  of  special  violence  occurred,  and  the 
region  is  one  of  comparative  calms.  The  grains  of  quartz  found  by 
Mr.  Murray  more  nearly  indicate  the  limit,  but  the  very  small  portions 
of  matter  brought  up  by  the  dredge,  as  compared  with  the  enormous 
areas  of  sea-bottom,  over  which  the  atmospheric  dust  must  have 
been  scattered,  render  it  in  the  highest  degree  improbable  that  the 
maximum  limit  either  of  size  of  particles  or  of  distance  from  land 
has  been  reached. 

Let  us,  however,  assume  that  the  quartz-grains,  found  by  Mr. 
Murray  in  the  deep-sea  ooze  700  miles  from  laud,  give  us  the  extreme 
limit  of  the  power  of  the  atmosphere  as  a  carrier  of  solid  particles, 
and  let  us  compare  with  these  the  weights  of  some  seeds.  From  a 
small  collection  of  the  seeds  of  thirty  species  of  herbaceous  plants 


No. 

Species. 

Approximate 
No.  of  Seeds 
in  one  Grain. 

Approximate 
Dimensions. 

Remarks. 

1 

Draba  verna  .... 

1,800 

in.     in.      in. 

"50  X"9CfX  i.^o 

Oval,  flat. 

2 
3 

Hyperieum  perforatum 
Astilbe   rivularia     .     . 

520 
4,500 

3o  X'g'tj' 

Cylindrical. 
Elongate,  flat,  tailed,  wavy. 

4 

Saxifraga  coriophylla  . 

750 

4ffX  73" 

Surface  rough,  adhere  to  the 

dry  capsules. 

5 

(Enothera  rosea.     .     . 

640 

Ovate. 

6 

Hyperieum  hirsutum  . 

700 

Cylindrical,  rough. 

7 

Mimulus  luteus  .     .     . 

2,900 

Oval,  minute. 

8 

Penthorum  sedoides    . 

8,000  * 

Flattened,  very  minute. 

9 
10 

Sagina   procumbens     . 
Orchis  maculata      .     . 

12,000  * 
15,000  * 

TTff 

Sub-triangular,  flat. 
Margined,  flat,  very  minute. 

11 

Gentiana  purpurea.     . 

35 

& 

Wavy,  rough,  with  this  coria- 

ceous margins. 

12 

Silene  alpina  .... 

A 

Flat,  with  fringed   margins. 

13 

Adenophora  communis 

AXA 

Very  thin,  wavy,  light. 

Quartz-grains  .... 
Do  

25,000 
200,000 

T5TT 

Deep  sea   .     .     .    700  miles. 
Genoa    ....     600  miles. 

sent  me  from  Kew  those  in  the  above  table  were  selected,  and  small 
portions  of  eight  of  them  carefully  weighed  in  a  chemical  balance.* 
By  counting  these  portions  I  was  able  to  estimate  the  number  of  seeds 
weighing  one  grain.  The  three  very  minute  species,  whose  numbers 
are  marked  with  an  asterisk  (*)  were  estimated  by  the  comparison  of 
their  sizes  with  those  of  the  smaller  weighed  seeds. 

If  now  we  compare  the  seeds  with  the  quartz-grains,  we  find  that 
several  are  from  twice  to  three  times  the  weight  of  the  grains  found  by 
Mr.  Murray,  and  others  five  times,  eight  times,  and  fifteen  times  as  heavy; 
but  they  are  proportionately  very  much  larger,  and,  being  usually  irreg- 
ular in  shape  or  compressed,  they  expose  a  very  much  larger  surface  to 
the  air.  The  surface  is  often  rough,  and  several  have  dilated  margins 
or  tailed  appendages,  increasing  friction  and  rendering  the  uniform  rate 
of  falling  through  still  air  immensely  less  than  in  the  case  of  the 
smooth,  rounded,  solid  quartz-grains.  With  these  advantages  it  is  a 


*  I  am  indebted  to  Professor  R.  Meldola,  of  the  Finsbury  Technical  Institute, 
and  Kev.  T.  D.  Titmas,  of  Charterhouse,  for  furnishing  me  with  the  weights 
required. 
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moderate  estimate  that  seeds  ten  times  the  weight  of  the  quartz-grains 
could  be  carried  quite  as  fax  through  the  air  by  a  violent  gale  and 
under  the  most  favorable  conditions.  These  limits  will  include  five  of 
the  seeds  here  given,  as  well  as  hundreds  of  others  which  do  not  ex- 
ceed them  in  weight  ;  and  to  these  we  may  add  some  larger  seeds 
which  have  other  favorable  characteristics,  as  is  the  case  with  numbers 
11-13,  which,  though  very  much  larger  than  the  rest,  are  so  formed  as 
in  all  probability  to  be  still  more  easily  carried  great  distances  by  a 
gale  of  wind.  It  appears,  therefore,  to  be  absolutely  certain  that 
every  autumnal  gale  capable  of  conveying  solid  mineral-particles  to 
great  distances,  must  also  carry  numbers  of  small  seeds  at  least  as  far; 
and  if  this  is  so,  the  wind  alone  will  form  one  of  the  most  effective 
agents  in  the  dispersal  of  plants. 

Hitherto  this  mode  of  conveyance,  as  applying  to  the  transmission 
of  seeds  for  great  distances  across  the  ocean,  has  been  rejected  by 
botanists,  for  two  reasons.  In  the  first  place,  there  is  said  to  be  no 
direct  evidence  of  such  conveyance  ;  and,  secondly,  the  peculiar  plants 
of  remote  oceanic  islands  do  not  appear  to  have  seeds  specially  adapted 
for  aerial  transmission,  I  will  consider  briefly  each  of  these  objec- 
tions. 

Objection   to   the   Theory  of  Wind-Dispersal. 

To  obtain  direct  evidence  of  the  transmission  of  such  minute  and 
perishable  objects,  which  do  not  exist  in  great  quantities,  and  are 
probably  carried  to  the  greatest  distances  but  rarely  and  as  single 
specimens,  is  extremely  difficult.  A  bird  or  insect  can  be  seen  if  it 
comes  on  board  ship,  but  who  would  ever  detect  the  seeds  of  Mimulus 
or  Orchis  even  if  a  score  of  them  fell  on  a  ship's  deck?  Yet  if  but  one 
such  seed  per  century  were  carried  to  an  oceanic  island,  that  island 
might  become  rapidly  overrun  by  the  plant,  if  the  conditions  were  favor- 
able to  its  growth  and  reproduction.  It  is  further  objected  that  search 
lias  been  made  for  such  seeds,  and  they  have  not  been  found.  Professor 
Kerner  of  Innsbruck  examined  the  snow  on  the  surface  of  glaciers,  and 
assiduously  collected  all  the  seeds  he  could  find,  and  these  were  all  of 
plants  which  grew  in  the  adjacent  mountains  or  in  the  same  district. 
In  like  manner,  the  plants  growing  on  moraines  were  found  to  be 
those  of  the  adjacent  mountains,  plateaus,  or  lowlands.  Hence  he 
concluded  that  the  prevalent  opinion  that  seeds  may  be  carried  through 
the  ah-  for  very  great  distances  "is  not  supported  by  fact."*  The 
opinion  is  certainly  not  supported  by  Kerner's  facts,  but  neither  is  it 
opposed  by  them.  It  is  obvious  that  the  seeds  that  would  be  carried 
by  the  wind  to  moraines  or  to  the  surface  of  the  glaciers  would  be, 
first  and  in  the  greatest  abundance,  those  of  the  immediately  surround- 
ing district;  then,  very  much  more  rarely,  those  from  more  remote 
mountnins;  and  lastly,  in  extreme  rarity,  those  from  distant  countries 
or  altogether  distinct  mountain-ranges.  Let  us  suppose  the  first  to 
be  so  abundant  that  a  single  seed  could  be  found  by  industrious  search 
on  each  square  yard  of  the  surface  of  the  glacier;  the  second  so  scarce 
that  only  one  could  possibly  be  found  in  a  hundred  yards  square; 
while  to  find  one  of  the  third  3lass  it  would  be  necessary  exhaustively 
to  examine  a  square  mile  of  surface.  Should  we  expect  that  one  ever 
to  be  found,  and  should  the  fact  that  it  could  not  be  found  be  taken 
as  a  proof  that  it  was  not  there*  Besides,  a  glacier  is  altogether  in  a 


See  JffifMre,  vi>).  vi.  p.   ]fi4,  for  a  summary  of  Renter's 
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bad  position  to  receive  such  remote  wanderers,  since  it  is  generally 
surrounded  by  lofty  mountains,  often  range  behind  range,  which  would 
intercept  the  few  air-borne  seeds  that  might  have  been  carried  from  a 
distant  land.  The  conditions  in  an  oceanic  island,  on  the  other  hand, 
are  the  most  favorable,  since  the  land,  especially  if  high,  will  intercept 
objects  carried  by  the  wind,  and  will  thus  cause  more  of  the  solid  mat- 
ter to  fall  on  it  than  on  an  equal  area  of  ocean.  We  know  that  winds 
at  sea  often  blow  violently  for  days  together,  and  the  rate  of  motion  is 
indicated  by  the  fact  that  72  miles  an  hour  was  the  average  velocity  of 
the  wind  observed  during  twelve  hours  at  the  Ben  Nevis  observatory, 
while  the  velocity  sometimes  rises  to  120  miles  an  hour.  A  twelve 
hours'  gale  might,  therefore,  carry  light  seeds  a  thousand  miles  as 
easily  and  certainly  as  it  could  carry  quartz-grains  of  much  greater 
specific  gravity,  rotundity,  and  smoothness,  500  or  even  100  miles; 
and  it  is  difficult  even  to  imagine  a  sufficient  reason  why  they  should 
not  be  so  carried — perhaps  very  rarely  and  under  exceptionally  favor- 
able conditions, —  but  this  is  all  that  is  required. 

As  regards  the  second  objection,  it  has  been  observed  that  orchidece, 
which  have  often  exceedingly  small  and  light  seeds,  are  remarkably 
absent  from  oceanic  islands.  This,  however,  may  be  very  largely  due 
to  their  extreme  specialization  and  dependence  on  insect-agency  for 
their  fertilization;  while  the  fact  that  they  do  occur  in  such  very 
remote  islands  as  the  Azores,  Tahiti,  and  the  Sandwich  Islands,  proves 
that  they  must  have  once  reached  these  localities  either  by  the  agency 
of  birds  or  by  transmission  through  the  air ;  and  the  facts  I  have 
given  above  render  the  latter  mode  at  least  as  probable  as  the  former. 
Sir  Joseph  Hooker  remarks  on  the  composite  plant  of  Kerguelen 
Island  ( Ootula  plumosa)  being  found  also  on  Lord  Auckland  and  Mac- 
Quarrie  Islands,  and  yet  having  no  pappus,  while  other  species  of  the 
genus  possess  it.  This  is  certainly  remarkable,  and  proves  that  the 
plant  must  have,  or  once  have  had,  some  other  means  of  dispersal 
across  wide  oceans.*  One  of  the  most  widely  dispersed  species  in  the 
whole  world  (Sonchus  oleraceus)  possesses  pappus,  as  do  four  out  of 
five  of  the  species  which  are  common  to  Europe  and  New  Zealand,  all 
of  which  have  a  very  wide  distribution.  The  same  author  remarks  on 
the  limited  area  occupied  by  most  species  of  Compositce,  notwithstand- 
ing their  facilities  for  dispersal  by  means  of  their  feathered  seeds ;  but  it 
has  been  already  shown  that  limitations  of  area  are  almost  always  due 
to  the  competition  of  allied  forms,  facilities  for  dispersal  being  only 
one  of  many  factors  in  determining  the  wide  range  of  species.  It  is, 
however,  a  specially  important  factor  in  the  case  of  the  inhabitants  of 
remote  oceanic  islands,  since,  whether  they  are  peculiar  species  or  not, 
they  or  their  remote  ancestors  must  at  some  time  or  other  have  reached 
their  present  position  by  natural  means. 

I  have  already  shown  elsewhere  that  the  flora  of  the  Azores  strik- 
ingly supports  the  view  of  the  species  having  been  introduced  by 

*  It  seems  quite  possible  that  the  absence  of  pappus  in  this  case  is  a  recent 
adaptation,  and  that  it  has  been  brought  about  by  causes  similar  to  those  which 
have  reduced  or  aborted  the  wings  of  insects  in  oceanic  islands.  For  when  a 
plant  has  once  reached  one  of  the  storm-swept  islands  of  the  southern  ocean,  the 
pappus  will  be  injurious  for  the  same  reason  that  the  wings  of  insects  are  inju- 
rious, since  it  will  lead  to  the  seeds  being  blown  out  to  sea  and  destroyed.  The 
seeds  which  are  heaviest  and  have  least  pappus  will  have  the  best  chance  of 
falling  on  the  ground  and  remaining  there  to  germinate,  and  this  process  of 
selection  might  rapidly  lead  to  the  entire  disappearance  of  the  pappus. 
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aerial  transmission  only,  that  is,  by  the  agency  of  birds  and  the  wind, 
because  all  plants  that  could  not  possibly  have  been  carried  by  these 
means  are  absent.*  In  the  same  way  we  may  account  for  the  extreme 
rarity  of  Leguminosce  in  all  oceanic  islands.  Mr.  Hemsley,  in  his 
Keport  or  Insular  Floras,  says  that  they  "  are  wanting  in  a  large  num- 
ber of  oceanic  islands  where  there  is  no  true  littoral  flora,"  as  St. 
Helena,  Juan  Fernandez,  and  all  the  islands  of  the  South  Atlantic  and 
South  Indian  Oceans.  Even  in  the  tropical  islands,  such  as  Mauritius 
and  Bourbon,  there  are  no  endemic  species,  and  very  few  in  the  Gala- 
pagos and  the  remoter  Pacific  Islands.  All  these  facts  are  quite  in 
accordance  with  the  absence  of  facilities  for  transmission  through  the 
air,  either  by  birds  or  the  wind,  owing  to  the  comparatively  large  size 
and  weight  of  the  seeds ;  and  an  additional  proof  is  thus  afforded  of 
the  extreme  rarity  of  the  successful  floating  of  seeds  for  great  distances 
across  the  ocean.f 

Explanation  of  North  Temperate  Plants  in  the  Southern 
Hemisphere. 

If  we  now  admit  that  many  seeds  which  are  either  minute  in  size,  of 
thin  texture  or  wavy  form,  or  so  fringed  or  margined  as  to  afford  a 
good  hold  to  the  air,  are  capable  of  being  carried  for  many  hundreds 
of  miles  by  exceptionally  violent  and  long-continued  gales  of  wind,  we 
shall  not  only  be  better  able  to  account  for  the  floras  of  some  of  the 
remotest  oceanic  islands,  but  shall  also  find  in  the  fact  a  sufficient  ex- 
planation of  the  wide  diffusion  of  many  genera,  and  even  species,  of 
arctic  and  north  temperate  plants  in  the  southern  hemisphere  or  on 
the  summits  of  tropical  mountains.  Nearly  fifty  of  the  flowering 
plants  of  Terra-del-Fuego  are  found  also  in  North  America  or  Europe, 
but  in  no  intermediate  country;  while  fifty-eight  species  are  common 
to  New  Zealand  and  Northern  Europe;  thirty-eight  to  Australia, 
Northern  Europe,  and  Asia;  and  no  less  than  seventy-seven  common 
to  New  Zealand,  Australia,  and  South  America4  On  lofty  mountains 
far  removed  from  each  other,  identical  or  closely  allied  plants  often 
occur.  Thus  the  fine  Primula  imperialis  of  a  single  mountain-peak 
in  Java  has  been  found  (or  a  closely  allied  species)  in  the  Himalayas; 
and  many  other  plants  of  the  high  mountains  of  Java,  Ceylon,  and 
North  India,  are  either  identical  or  closely  allied  forms.  So,  in  Africa, 
some  species,  found  on  the  summits  of  the  Cam  croons  and  Fernando 
Po  in  West  Africa,  are  closely  allied  to  species  in  the  Abyssinian  high- 
lands and  in  Temperate  Europe ;  while  other  Abyssinian  and  Came- 
roons  species  have  recently  been  found  on  the  mountains  of  Madagascar. 
Some  peculiar  Australian  forms  have  been  found  represented  on  the 
summit  of  Kini  Balu  in  Borneo.  Again,  on  the  summit  of  the  Organ 
Mountains  in  Brazil  there  are  species  allied  to  those  of  the  Andes,  but 
not  found  in  the  intervening  lowlands. 

*  See  Island  Life,  p.  251. 

t  Mr.  Hemsley  suggests  that  it  is  not  so  much  the  difficulty  of  transmission 
by  floating  as  the  bad  conditions  the  seeds  are  usually  exposed  to  when  they 
reach  land.  Many,  even  if  they  germinate,  are  destroyed  by  the  waves,  as 
Burchell  noticed  at  St.  Helena;  while  even  a  flat  and  sheltered  shore  would  be 
an  unsuitable  position  for  many  inland  plants.  Air-borne  seeds,  on  the  other 
hand,  may  be  earned  far  inland,  and  so  scattered  that  some  of  them  are  likely 
to  reach  suitable  stations. 

t  For  fuller  particulars  see  Sir  J.  Hooker's  Introduct ion  to  Floras  of  New  Zealand 
and  Australia,  and  a  summary  in  my  Island  Life,  chaps,  xxii.  xxiii. 
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No  Proof  of  Recent  Lower   Temperatitre   in  the  Tropics. 

Now  all  these  facts,  and  numerous  others  of  like  character,  were 
supposed  by  Mr.  Darwiu  to  be  due  to  a  lowering  of  temperature 
during  glacial  epochs,  which  allowed  these  temperate  forms  to 
migrate  across  the  intervening  tropical  lowlands.  But  any  such 
change  within  the  epoch  of  existing  species  is  almost  inconceivable. 
In  the  first  place,  it  would  necessitate  the  extinction  of  much  of  the 
tropical  flora  (and  with  it  of  the  insect-life),  because  without  such 
extinction  alpine  herbaceous  plants  would  certainly  never  spread  over 
tropical  forest  lowlands ;  and,  in  the  next  place,  there  is  not  a  particle 
of  direct  evidence  that  any  such  lowering  of  temperature  in  inter- 
tropical  lowlands  ever  took  place.  The  only  alleged  evidence  of  the 
kind  is  that  adduced  by  the  late  Professor  Agassiz  and  Mr.  Hartt ; 
but  I  am  informed  by  my  friend,  Mr.  J.  C.  Branner  (now  State 
Geologist  of  Arkansas,  U.  S.),  who  succeeded  Mr.  Hartt,  and  spent 
several  years  completing  the  geological  survey  of  Brazil,  that  the 
supposed  moraines  and  glaciated  granite  rocks  near  Rio  Janeiro  and 
elsewhere,  as  well  as  the  so-called  boulder-clay  of  the  same  region, 
are  entirely  explicable  as  the  results  of  sub-aerial  denudation  and 
weathering,  and  that  there  is  no  proof  whatever  of  glaoiation  in  any 
part  of  Brazil. 

Lower  Temperature,  not  needed  to  Explain  the  Facts. 

But  any  such  vast  physical  change  as  that  suggested  by  Darwin, 
involving  as  it  does  such  tremendous  issues  as  regards  its  effects  on 
the  tropical  fauna  and  flora  of  the  whole  world,  is  really  quite  uncalled 
for,  because  the  facts  to  be  explained  are  of  the  same  essential  nature 
as  those  presented  by  remote  oceanic  islands,  between  which  and  the 
nearest  continents  no  temperate  land-connection  is  postulated.  In 
proportion  to  their  limited  area  and  extreme  isolation,  the  Azores, 
St.  Helena,  the  Galapagos,  and  the  Sandwich  Islands,  each  possess  a 
fairly  rich  —  the  last  a  very  rich  —  indigenous  flora ;  and  the  means 
which  sufficed  to  stock  them  with  a  great  variety  of  plants  \vould 
probably  suffice  to  transmit  others  from  mountain-top  to  mountain-top 
in  various  parts  of  the  globe.  In  the  case  of  the  Azores,  we  have 
large  numbers  of  species  identical  with  those  of  Europ<-.  and  others 
closely  allied,  forming  an  exactly  parallel  case  to  the  species  found  on 
the  various  mountain-summits  which  have  been  referred  to.  The 
distance  from  Madagascar  to  the  South  African  mountains  and  to 
Kilimandjaro,  and  from  the  latter  to  Abyssinia,  are  no  greater  than 
from  Spain  to  the  Azores,  while  there  are  other  equatorial  mountains 
forming  stepping-stones  at  about  an  equal  distance  to  the  Cameroon s. 
Between  Java  and  the  Himalayas  we  have  lofty  mountains  of  Sumatra 
and  of  Northwestern  Burma,  forming  steps  at  about  the  same  distance 
apart;  while  between  Kini  Balu  and  the  Australian  Alps  we  have 
the  unexplored  snow-mountains  of  New  Guinea,  the  Ballenden  Ker 
Mountains  in  Queensland,  and  the  New  England  and  Blue  Mountains 
of  New  South  Wales.  Between  Brazil  and  Bolivia  the  distances  arc 
no  greater;  while  the  unbroken  range  of  mountains  from  Arctic 
America  to  Terra-del-Fueg,>  offers  the  greatest  facilities  for  trans- 
mission, the  partial  gap  between  the  lofty  peak  of  Chiriqui  and  the 
high  Andes  of  New  Grenada  being  far  less  than  from  Spain  to  the 
Azores.  Thus,  whatever  means  have  sufficed  for  stocking  oceanic 
islands  must  have  be^n  to  some  extent  effective  in  transmitting 
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northern  forms  from  mountain  to  mountain,  across  the  equator,  to 
the  southern  hemisphere ;  while  for  this  latter  form  of  dispersal  there 
are  special  facilities,  in  the  abundance  of  fresh  and  unoccupied  sur- 
faces always  occurring  in  mountain-regions,  owing  to  avalanches, 
torrents,  mountain-slides,  and  rock-falls,  thus  affording  stations  on 
which  air-borne  seeds  may  germinate  and  find  a  temporary  home  till 
driven  out  by  the  inroads  of  the  indigenous  vegetation.  These  tem- 
porary stations  may  be  at  much  lower  altitudes  than  the  original 
habitat  of  the  species,  if  other  conditions  are  favorable.  Alpine 
plants  often  descend  into  the  valleys  on  glacial  moraines,  while  some 
arctic  species  grow  equally  well  on  mountain-summits  and  on  the  sea- 
shore. The  distances  above  referred  to  between  the  loftier  mountains 
may  thus  be  greatly  reduced  by  the  occurrence  of  suitable  conditions 
at  lower  altitudes,  and  the  facilities  for  transmissions  by  means  of 
aerial  currents  proportionally  increased.* 

Facts  Explained  by   the  Wind-carriage   of  Seeds. 

But  if  we  altogether  reject  aerial  transmission  of  seeds  for  great 
distances,  except  by  the  agency  of  birds,  it  will  be  difficult,  if  not 
impossible,  to  account  for  the  presence  of  so  many  identical  species 
of  plants  on  remote  mountain-summits,  or  for  that  "  continuous  cur- 
rent of  vegetation"  described  by  Sir  Joseph  Hooker  as  having 
apparently  long  existed  from  the  northern  to  the  southern  hemisphere. 
It  may  be  admitted  that  we  can,  possibly,  account  for  the  greater 
portion  of  the  floras  of  remote  oceanic  islands  by  the  agency  of  birds 
alone ;  because,  when  blown  out  to  sea  land-birds  must  reach  some 
island  or  perish,  and  all  which  come  within  sight  of  an  island  will 
struggle  to  reach  it  as  their  only  refuge.  But,  with  mountain-summits 
the  case  is  altogether  different,  because,  being  surrounded  by  land 
instead  of  by  sea,  no  bird  would  need  to  fly,  or  to  be  carried  by  the 
wind,  for  several  hundred  miles  at  a  stretch  to  another  mountain- 
summit,  but  would  find  a  refuge  in  the  surrounding  uplands,  ridges, 
valleys,  or  plains.  As  a  rule  the  birds  that  frequent  lofty  mountain- 
tops  are  peculiar  species,  allied  to  those  of  the  surrounding  district; 
and  there  is  no  indication  whatever  of  the  passage  of  birds  from  one 
remote  mountain  to  another  in  any  way  comparable  with  the  flights 
of  birds  which  are  known  to  reach  the  Azores  annually,  or  even  with 
the  few  regular  migrants  from  Australia  to  New  Zealand.  It  is  almost 
impossible  to  conceive  that  the  seeds  of  the  Himalayan  primula  should 
have  been  thus  carried  to  Java ;  but,  by  means  of  gales  of  wind,  and 
intermediate  stations  from  fifty  to  a  few  hundred  miles  apart,  where 
the  seeds  might  vegetate  for  a  year  or  two  and  produce  fresh  seed  to 
be  again  carried  on  in  the  same  manner,  the  transmission  might,  after 
many  failures,  be  at  last  effected. 

A  very  important  consideration  is  the  vastly  larger  scale  on  which 
wind-carriage  of  seeds  must  act,  as  compared  with  bird-carriage.  It 
can  only  be  a  few  birds  which  carry  seeds  attached  to  their  feathers  or 
feet.  A  very  small  proportion  of  these  would  carry  the  seeds  of  Alpine 
plants ;  while  an  almost  infinitesimal  fraction  of  these  latter  would  con- 
vey the  few  seeds  attached  to  them  safely  to  an  oceanic  island  or 
remote  mountain.  But  winds,  in  the  form  of  whirlwinds  or  tornadoes, 
gales  or  hurricanes,  are  perpetually  at  work  over  large  areas  of  land 
and  sea.  Insects  and  larofe  particles  of  matter  are  often  carried  up  to 

*  For  a  fuller  discussion  of  this  subject  si  r  my  h-l/mrl  T.iff.  chap,  xxiii. 
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the  tops  of  high  mountains ;  and,  from  the  very  nature  and  origin  of 
winds,  they  usually  consist  of  ascending  or  descending  currents,  the 
former  capable  of  suspending  such  small  and  light  objects  as  are  many 
seeds  long  enough  for  them  to  be  carried  enormous  distances.  For 
each  single  seed  carried  away  by  external  attachment  to  the  feet  or 
feathers  of  a  bird,  countless  millions  are  probably  carried  away  by 
violent  winds ;  and  the  chance  of  conveyance  to  a  great  distance  and 
in  a  definite  direction  must  be  many  times  greater  by  the  latter  mode 
than  by  the  former.*  We  have  seen  that  inorganic  particles  of  much 
greater  specific  gravity  than  seeds,  and  nearly  as  heavy  as  the  smallest 
kinds,  are  carried  to  great  distances  through  the  air,  and  we  can 
therefore  hardly  doubt  that  some  seeds  are  carried  as  far.  The  direct 
'  agency  of  the  wind,  as  a  supplement  to  bird-transport,  will  help  to 
explain  the  presence  in  oceanic  islands  of  plants  growing  in  dry  or 
rocky  places  whose  small  seeds  are  not  likely  to  become  attached  to 
birds ;  while  it  seems  to  be  the  only  effective  agency  possible  in  the 
dispersal  of  those  species  of  alpine  or  sub-alpine  plants  found  on  the 
summits  of  distant  mountains,  or  still  more  widely  separated  in  the 
temperate  zones  of  the  northern  and  southern  hemispheres. 

Concluding  Remarks. 

On  the  general  principles  that  have  been  now  laid  down,  it  will  be 
found  that  all  the  chief  facts  of  the  geographical  distribution  of  ani- 
mals and  plants  can  be  sufficiently  understood.  There  will,  of  course, 
be  many  cases  of  difficulty  and  some  seeming  anomalies,  but  these  can 
usually  be  seen  to  depend  on  our  ignorance  of  some  of  the  essential 
factors  of  the  problem.  Either  we  do  not  know  the  distribution  of  the 
group  in  recent  geological  times,  or  we  are  still  ignorant  of  the  special 
methods  by  which  the  organisms  are  able  to  cross  the  sea.  The  latter 
difficulty  applies  especially  to  the  lizard-tribe,  which  are  found  in 
almost  all  the  tropical  oceanic  islands ;  but  the  particular  mode  in 
which  they  are  able  to  traverse  a  wide  expanse  of  ocean,  which  is  a 
perfect  barrier  to  batrachia  and  almost  so  to  snakes,  has  not  yet  been 
discovered.  Lizards  are  found  in  all  the  larger  Pacific  Islands  as  far 
as  Tahiti,  while  snakes  do  not  extend  beyond  the  Fiji  Islands ;  and 
the  latter  are  also  absent  from  Mauritius  and  Bourbon,  where  lizards 
of  seven  or  eight  species  abound.  Naturalists  resident  in  the  Pacific 
Islands  would  make  a  valuable  contribution  to  our  science  by  studying 
the  life-history  of  the  native  lizards,  and  endeavoring  to  ascertain  the 
special  facilities  they  possess  for  crossing  over  wide  spaces  of  ocean. 

*  A  very  remarkable  case  of  wind-conveyance  of  seeds  on  a  large  scale  is 
described  in  a  letter  from  Mr.  Thomas  Haubury  to  his  brother,  the  late  Daniel 
Hanbury,  which  has  been  kindly  communicated  to  me  by  Mr.  Hemsley,  of  Kew. 
The  letter  is  dated  "Shanghai,  1st  May,  1856,"  and  the  passage  referred  to  is  as 
follows: — 

"For  the  past  three  days  we  have  had  very  warm  weather  for  this  time  of 
year;  in  fact,  almost  as  warm  as  the  middle  of  summer.  Last  evening  the  wind 
suddenly  changed  round  to  the  north  and  blew  all  night  with  considerable  vio- 
lence, making  a  great  change  in  the  atmosphere.  This  morning  myriads  of  small 
white  particles  are  floating  about  in  the  air.  There  is  not  a  single  cloud  and  no 
mist,  yet  the  sun  is  quite  obscured  by  this  substance,  and  it  looks  like  a  white 
fog  in  England.  I  inclose  thee  a  sampl3,  thinking  it  may  interest.  It  is  evidently 
a  vegetable  production;  I  think,  apparently,  some  kind  of  seed." 

Mr.  Hemsley  adds  that  this  substance  proves  to  be  the  plumose  seeds  of  a 
poplar  or  willow.  In  order  to  produce  the  effects  described — quite  obscuring  the 
sun  like  a  ichittefog, —  the  seeds  must  have  filled  the  air  to  a  very  great  height: 
and  they  must  have  been  brought  from  some  district  where  there  were  extensive 
tracts  covered  with  the  tree  which  produced  them. 
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CHAPTER 
THE   GEOLOGICAL  EVIDENCES   OF  EVOLUTION. 

What  we  may  expect.  —  The  number  of  known  species  of  extinct  animals.  — 
Causes  of  the  imperfection  of  the  geological  record.  —  Geological  evidences 
of  evolution.  —  Shells.  —  Crocodiles.  —  The  rhinoceros-tribe.  —  The  pedigree  of 
the  horse-tribe.  —  Development  of  deers'  horns.  —  Brain-development.  —  Local 
relations  of  fossil  and  living  animals.  —  Cause  of  extinction  of  large  animals. 
Indications  of  general  progress  in  plants  and  animals.  —  The  progressive 
development  of  plants.  —  Possible  cause  of  the  sudden  late  appearance  of 
exogens.  —  Geological  distribution  of  insects.  —  Geological  succession  of 
vertebrata.  —  Concluding  remarks. 

The  theory  of  evolution  in  the  organic  world  necessarily  implies 
that  the  forms  of  animals  and  plants  have,  broadly  speaking,  pro- 
gressed from  a  more  generalized  to  a  more  specialized  structure,  and 
from  simpler  to  more  complex  forms.  We  know,  however,  that  this 
progression  has  been  by  no  means  regular,  but  has  been  accompanied 
by  repeated  degradation  and  degeneration;  while  extinction  on  an 
enormous  scale  has  again  and  again  stopped  all  progress  in  certain 
directions,  and  has  often  compelled  a  fresh  start  in  development  from 
some  comparatively  low  and  imperfect  type. 

The  enormous  extension  of  geological  research  in  recent  times  has 
made  us  acquainted  with  a  vast  number  of  extinct  organisms,  so  vast 
that  in  some  important  groups  —  such  as  the  mollusca  —  the  fossil  are 
more  numerous  than  the  living  species  ;  while  in  the  mammalia  they 
are  not  much  less  numerous,  the  preponderance  of  living  species  being 
chiefly  in  the  smaller  and  in  the  arboreal  forms,  which  have  not  been 
so  well  preserved  as  the  members  of  the  larger  groups.  "With  such  a 
wealth  of  material  to  illustrate  the  successive  stages  through  which 
animals  have  passed,  it  will  naturally  be  expected  that  we  should  find 
important  evidence  of  evolution.  We  should  hope  to  learn  the  steps 
by  which  some  isolated  forms  have  been  connected  with  their  nearest 
allies,  and  in  many  cases  to  have  the  gaps  filled  up  which  now  separate 
genus  from  genus,  or  species  from  species.  In  some  cases  these 
expectations  are  fulfilled,  but  in  many  other  cases  we  seek  in  vain 
for  evidence  of  the  kind  we  desire;  and  this  absence  of  evidence 
with  such  an  apparent  wealth  of  material  is  held  by  many  persons  to 
throw  doubt  on  the  theory  of  evolution  itself.  They  urge,  with  much 
appearance  of  reason,  that  all  the  arguments  we  have  hitherto  adduced 
fall  short  of  demonstration,  and  that  the  crucial  test  consists  in  being 
able  to  show,  in  a  great  number  of  cases,  those  connecting  links  which 
we  say  must  have  existed.  Many  of  the  gaps  that  still  remain  are  so 
vast  that  it  seems  incredible  to  these  writers  that  they  could  ever  have 
been  filled  up  by  a  close  succession  of  species,  since  these  must  have 
spread  over  so  many  ages  and  have  existed  in  such  numbers  that  it 
seems  impossible  to  account  for  their  total  absence  from  deposits  in 
which  great  numbers  of  species  belonging  to  other  groups  are  preserved 
and  have  been  discovered.  In  order  to  appreciate  the  force,  or  weak- 
ness, of  these  objections,  we  must  inquire  into  the  character  and  com- 
pleteness of  that  record  of  the  past  life  of  the  earth  which  geology  has 
unfolded,  and  ascertain  the  nature  and  amount  of  the  evidence  which, 
Wider  actual  conditions,  we  may  expect  to  find. 
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The  Number   of  known  Species   of  Extinct  Animals. 

When  we  state  that  the  known  fossil  mollusca  are  considerably 
more  numerous  than  those  which  now  live  on  the  earth  it  appears  at 
first  sight  that  our  knowledge  is  very  complete,  but  this  is  far  from 
being  the  case.  The  species  have  been  continually  changing  through- 
out geological  time,  and  at  each  period  have  probably  been  as  numer- 
ous as  they  are  now.  If  we  divide  the  fossiliferous  strata  into  twelve 
great  divisions — the  Pliocene,  Miocene,  Eocene,  Cretaceous,  Oolite, 
Lias,  Trias,  Permian,  Carboniferous,  Devonian,  Silurian,  and  Cambrian, 
— we  find  not  only  that  each  has  a  very  distinct  and  characteristic 
molluscan  fauna,  but  that  the  different  subdivisions  often  present  a 
widely  different  series  of  species ;  so  that  although  a  certain  number 
of  species  are  common  to  two  or  more  of  the  great  divisions,  the 
totality  of  the  species  that  have  lived  upon  the  earth  must  be  very 
much  more  than  twelve  times — perhaps  even  thirty  or  forty  times — 
the  number  now  living.  In  like  manner,  although  the  species  of  fossil 
mammals  now  recognized  by  more  or  less  fragmentary  fossil  remains 
may  not  be  much  less  numerous  than  the  living  species,  yet  the  dura- 
tion of  existence  of  these  was  comparatively  so  short  that  they  were 
almost  completely  changed,  perhaps  six  or'  seven  times,  during  the 
Tertiary  period ;  and  this  is  certainly  only  a  fragment  of  the  geological 
time  during  which  mammalia  existed  on  the  globe. 

There  is  also  reason  to  believe  that  the  higher  animals  were  much 
more  abundant  in  species  during  past  geological  epochs  than  now, 
owing  to  the  greater  equability  of  the  climate  which  rendered  even 
the  arctic  regions  as  habitable  as  the  temperate  zones  are  in  our 
time. 

The  same  equable  climate  would  probably  cause  a  more  uniform 
distribution  of  moisture,  and  render  what  are  now  desert  regions 
capable  of  supporting  abundance  of  animal  life.  This  is  indicated  by 
the  number  and  variety  of  the  species  of  large  animals  that  have  been 
found  fossil  in  very  limited  areas  which  they  evidently  inhabited  at 
one  period.  M.  Albert  Gaudry  found,  in  the  deposits  of  a  mountain- 
stream  at  Pikerini  in  Greece,  an  abundance  of  large  mammalia  such  as 
are  nowhere  to  be  found  living  together  at  the  present  time.  Among 
them  were  two  species  of  Mastodon,  two  different  rhinoceroses,  a 
gigantic  wild  boar,  a  camel  and  a  giraffe  larger  than  those  now  living, 
several  monkeys,  carnivora  ranging  from  martens  and  civets  to  lions 
and  hyenas  of  the  largest  size,  numerous  antelopes  of  at  least  five  dis- 
tinct genera,  and  besides  these  many  forms  altogether  extinct.  Such 
were  the  great  herds  of  Hipparion,  an  ancestral  form  of  horse;  the 
Helladotherium,  a  huge  animal  bigger  than  the  giraffe ;  the  Ancylo- 
therium,  one  of  the  Edentata;  the  huge  Dinotheriuin ;  the  Acerathr- 
rium,  allied  to  the  rhinoceros;  and  the  monstrous  Chalicotherium. 
allied  to  the  swine  and  ruminants,  but  as  large  as  a  rhinoceros ;  and 
to  prey  upon  these,  the  great  Machairodus  or  sabre-toothed  tiger.  And 
all  these  remains  were  found  in  a  space  300  paces  long  by  60  paces 
hroad,  many  of  the  species  existing  in  enormous  quantities. 

The  Pikermi  fossils  belong  to  the  Upper  Miocene  formation,  but 
an  equally  rich  deposit  of  Upper  Eocene  aee  has  been  discovered  in 
Southwestern  France  at  Quercy,  where  M.  Filhol  has  determined  the 
presence  of  no  less  than  forty-two  species  of  beasts  of  prey  alone. 
Equally  remarkable  are  the  various  discoveries  of  mammalian  fossils 
in  \orth  America,  especially  in  the  old  lake  bottoms  now  forming  what 
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are  called  the  "bad  lands'*  of  Dakota  and  Nebraska,  belonging  to  the 
Miocene  period.  Here  are  found  an  enormous  assemblage  of  remains, 
often  perfect  skeletons,  of  herbivora  and  carnivora,  as  varied  and  inter- 
esting as  those  from  the  localities  already  referred  to  in  Europe ;  but 
altogether  distinct,  and  far  exceeding,  in  number  and  variety  of  species 
of  the  larger  animals,  the  whole  existing  fauna  of  North  America.  Very 
similar  phenomena  occur  in  South  America  and  in  Australia,  leading 
us  to  the  conclusion  that  the  earth  at  the  present  time  is  impoverished 
as  regards  the  larger  animals,  and  that  at  each  successive  period  of 
Tertiary  time,  at  all  events,  it  contained  a  far  greater  number  of  spe- 
cies than  now  inhabit  it.  The  very  richness  and  abundance  of  the 
remains  which  we  find  in  limited  areas,  serve  to  comance  us  how 
imperfect  and  fragmentary  must  be  our  knowledge  of  the  earth's  fauna 
at  any  one  past  epoch ;  since  we  can  not  believe  that  all,  or  nearly  all, 
of  the  animals  which  inhabited  any  district  were  entombed  in  a  single 
lake,  or  overwhelmed  by  the  floods  of  a  single  river. 

But  the  spots  where  such  rich  deposits  occur  are  exceedingly  few 
and  far  between  when  compared  with  the  vast  areas  of  continental  land, 
and  we  have  every  reason  to  believe  that  in  past  ages,  as  now,  numbers 
of  curious  species  were  rare  or  local,  the  commoner  and  more  abund- 
ant species  giving  a  very  imperfect  idea  of  the  existing  series  of  animal 
forms.  Yet  more  important,  as  showing  the  imperfection  of  our  know- 
ledge, is  the  enormous  lapse  of  time  between  the  several  formations  in 
which  we  find  organic  remains  in  any  abundance,  so  vast  that  in  many 
cases  we  find  ourselves  almost  in  a  new  world,  all  of  the  species  and 
most  of  the  genera  of  the  higher  animals  having  undergone  a  com- 
plete change. 

Causes   of  the  Imperfection  of  the  Geological  Record. 

These  facts  are  quite  in  accordance  with  the  conclusions  of  geol- 
ogists as  to  the  necessary  imperfection  of  the  geological  record,  since 
it  requires  the  concurrence  of  a  number  of  favorable  conditions  to 
preserve  any  adequate  representation  of  the  life  of  a  given  epoch.  In 
the  first  place,  the  animals  to  be  preserved  must  not  die  a  natural  death 
by  disease,  or  old  age,  or  by  being  the  prey  of  other  animals,  but 
must  be  destroyed  by  some  accident  which  shall  lead  to  their  being 
embedded  in  the  soil.  They  must  be  either  carried  away  by  floods, 
sink  into  bogs  or  quicksands,  or  be  enveloped  in  the  mud  or  ashes  of 
a  volcanic  eruption ;  and  when  thus  embedded  they  must  remain 
undisturbed  amid  all  the  future  changes  of  the  earth's  surface. 

But  the  chances  against  this  are  enormous,  because  denudation 
is  always  going  on,  and  the  rocks  we  now  find  at  the  earth's  surface 
are  only  a  small  fragment  of  those  which  were  originally  laid  down. 
The  alternations  of  marine  and  fresh-water  deposits,  and  the  frequent 
unconformability  of  strata  with  those  which  overlie  them,  tell  us 
plainly  of  repeated  elevations  and  depressions  of  the  surface,  and  of 
denudation  on  an  enormous  scale.  Almost  every  mountain-range,  with 
its  peaks,  ridges,  and  valleys,  is  but  the  remnant  of  some  vast  plateau 
eaten  away  by  sub-aerial  agencies;  every  range  of  sea-cliffs  tells  us  of 
long  slopes  o*f  land  destroyed  by  the  waves ;  while  almost  all  the  older 
rocks  which  now  form  the  surface  of  the  earth  have  been  once  covered 
with  newer  deposits  which  have  long  since  disappeared.  Nowhere  are 
the  evidences  of  this  denudation  more  apparent  than  in  North  and 
South  America,  where  granitic  or  metamorphic  rocks  cover  an  area 
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hardly  less  than  that  of  all  Europe.  The  same  rocks  are  largely  devel- 
oped in  Central  Africa  and  Eastern  Asia ;  while,  besides  those  portions 
that  appear  exposed  on  the  surface,  areas  of  unknown  extent  are 
buried  under  strata  which  rest  on  them  unconformably,  and  could  not, 
therefore,  constitute  the  original  capping  under  which  the  whole  of 
these  rocks  must  once  have  been  deeply  buried ;  because  granite  can 
only  be  formed,  and  metamorphism  can  only  go  on,  deep  down  in  the 
crust  of  the  earth.  What  an  overwhelming  idea  does  this  give  us  of 
the  destruction  of  whole  piles  of  rock,  miles  in  thickness  and  covering 
areas  comparable  with  those  of  continents ;  and  how  great  must  have 
been  the  loss  of  the  innumerable  fossil-forms  which  those  rocks  con- 
tained! In  view  of  such  destruction  we  are  forced  to  conclude  that 
our  palseontological  collections,  rich  though  they  may  appear,  are 
really  but  small  and  random  samples,  giving  no  adequate  idea  of  the 
mighty  series  of  organisms  which  have  lived  upon  the  earth.* 

Admitting,  however,  the  extreme  imperfection  of  the  geological 
record  as  a  whole,  it  may  be  urged  that  certain  limited  portions  of  it 
are  fairly  complete — as,  for  example,  the  various  Miocene  deposits  of 
India,  Europe,  and  North  America, —  and  that  in  these  we  ought  to 
find  many  examples  of  species  and  genera  linked  together  by  inter- 
mediate forms.  It  may  be  replied  that  in  several  cases  this  really 
occurs;  and  the  reason  why  it  does  not  occur  more  often  is  that  the  the- 
ory of  evolution  requires  that  distinct  genera  should  ba  linked  together, 
not  by  a  direct  passage,  but  by  the  descent  of  both  from  a  common 
ancestor  which  may  have  lived  in  some  much  earlier  age,  the  record  of 
which  is  either  wanting  or  very  incomplete.  An  illustration  given  by 
Mr.  Darwin  will  make  this  more  clear  to  those  who  have  not  studied 
the  subject.  The  fantail  and  pouter  pigeons  are  two  very  distinct  and 
unlike  breeds,  which  we  yet  know  to  have  been  both  derived  from  the 
common  wild  rock-pigeon.  Now,  if  we  had  every  variety  of  living 
pigeon  before  us,  or  even  all  those  which  have  lived  during  the  present 
century,  we  should  find  no  intermediate  types  between  these  two — none 
combining  in  any  degree  the  characters  of  the  pouter  with  that  of  the 
fantail.  Neither  should  we  ever  find  such  an  intermediate  form,  even 
had  there  been  preserved  a  specimen  of  every  breed  of  pigeon  since 
the  ancestral  rock-pigeon  was  first  tamed  by  man, —  a  period  of  prob- 
ably several  thousand  years.  We  thus  see  that  a  complete  passage 
from  one  very  distinct  species  to  another  could  not  be  expected  even 
had  we  a  complete  record  of  the  life  of  any  one  period.  What  we 
require  is  a  complete  record  of  all  the  species  that  have  existed  since 
the  two  forms  began  to  diverge  from  their  common  ancestor,  and  this 
the  known  imperfection  of  the  record  renders  it  almost  impossibe  that 
we  should  ever  attain.  All  that  we  have  a  right  to  expect  is,  that,  as 
we  multiply  the  fossil-forms  in  any  group,  the  gaps  that  at  first  existed 
in  that  group  shall  become  less  wide  and  less  numerous  ;  and  also 
that,  in  some  cases,  a  tolerably  direct  series  shall  be  found,  by  which 
the  more  specialized  forms  of  the  present  day  shall  be  connected  with 
more  generalized  ancestral  types.  We  might  also  expect  that  when  a 
country  is  now  characterized  by  special  groups  of  animals,  the  fossil- 
forms  that  immediately  preceded  them  shall,  for  the  most  part,  belong 
to  the  same  groups  ;  and  further,  that,  comparing  the  more  ancient 

*  The  reader  who  desires  to  understand  this  subject  more  fully  should  study 
chap.  x.  of  The  Origin  of  Species,  and  chap.  xiv.  of  Sir  Charles  Lyell's  Principles 
of  Geology. 
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with  the  more  modern  types,  we  should  find  indications  of  progression, 
the  earlier  forms  being,  on  the  whole,  lower  in  organization,  and  less 
specialized  in  structure  than  the  latter.  Now  evidence  of  evolution  of 
these  varied  kinds  is  what  we  do  find,  and  almost  every  fresh  discovery 
adds  to  their  number  and  cogency.  In  order,  therefore,  to  show  that 
the  testimony  given  by  geology  is  entirely  in  favor  of  the  theory  of 
descent  with  modification,  some  of  the  more  striking  of  the  facts  will 
now  be  given. 

Geological  Evidences   of  Evolution. 

In  an  article  in  Nature  (vol.  xiv.  p.  275),  Professor  Judd  calls  atten- 
tion to  some  recent  discoveries  in  the  Hungarian  plains  of  fossil 
lacustrine  shells,  and  their  careful  study  by  Dr.  Neumayr  and  M.  Paul 
of  the  Austrian  Geological  Survey.  The  beds  iu  which  they  occur 
have  accumulated  to  the  thickness  of  2,000  feet,  containing  throughout 
abundance  of  fossils,  and  divisible  into  eight  zones,  each  of  which 
exhibits  a  well-marked  and  characteristic  fauna.  Professor  Judd  then 
describes  the  bearing  of  these  discoveries  as  follows: — 

"  The  group  of  shells  which  affords  the  most  interesting  evidence 
of  the  origin  of  new  forms  through  descent  with  modification  is  that 
of  the  genus  Vivipara  or  Paludina,  which  occurs  in  prodigious  abund- 
ance throughout  the  whole  series  of  fresh-water  strata.  We  shall  not, 
of  course,  attempt  in  this  place  to  enter  into  any  details  concerning 
the  forty  distinct  forms  of  this  genus  (Dr.  Neumayr  very  properly 
hesitates  to  call  them  all  species)  which  are  named  and  described  in 
this  monograph,  and  between  which,  as  the  authors  show,  so  many 
connecting  links,  clearly  illustrating  the  derivation  of  the  newer  from 
the  older  types,  have  been  detected.  On  the  minds  of  those  who  care- 
fully examine  the  admirable  engraved  figures  given  in  the  plates 
accompanying  this  valuable  memoir,  or,  still  better,  the  very  large 
series  of  specimens  from  among  which  the  subjects  of  these  figures  are 
selected,  and  which  are  now  in  the  museum  of  the  Reichsanstalt  of 
Vienna,  but  little  doubt  will,  we  suspect,  remain  that  the  authors 
have  fully  made  out  their  case,  and  have  demonstrated  that,  beyond 
all  controversy,  the  series  with  highly  complicated  ornamentation  were 
variously  derived  by  descent — the  lines  of  which  are  in  most  cases 
perfectly  clear  and  obvious  —  from  the  simple  and  unornamented 
Vivipara  achatinoides  of  the  Congerien-Schichten  (the  lower  division 
of  the  series  of  strata).  It  is  interesting  to  notice  that  a  large  portion 
of  these  unquestionably  derived  forms  depart  so  widely  from  the  type 
of  the  genus  Vivipara  that  they  have  been  separated  on  so  high  an 
authority  as  that  of  Sandberger  as  a  new  genus,  under  the  name  of 
Tulotoma.  And  hence  we  are  led  to  the  conclusion  that  a  vast  num- 
ber of  forms,  certainly  exhibiting  specific  distinctions,  and,  according 
to  some  naturalists,  differences  even  entitled  to  be  regarded  of  generic 
value,  have  all  a  common  ancestry." 

It  is,  as  Professor  Judd  remarks,  owing  to  the  exceptionally  favor- 
able circumstances  of  a  long-continued  and  unbrokn  series  of  deposits 
being  formed  under  physical  conditions  either  identical  or  very  slowly 
changing,  that  we  owe  so  complete  a  record  of  the  process  of  organic 
change.  Usually  some  disturbing  elements,  such  as  a  sudden  change 
of  physical  conditions  or  the  immigration  of  new  sets  of  forms  from 
other  areas  and  the  consequent  retreat  or  partial  extinction  of  the 
older  fauna,  interferes  with  the  continuity  of  organic  development,  and 
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produces  those  puzzling  discordances  so  generally  met  with  in  geo- 
logical formations  of  marine  origin.  While  a  case  of  the  kind  now 
described  affords  evidence  of  the  origin  of  species  complete  and  con- 
clusive, though  on  a  necessarily  very  limited  scale,  the  very  rarity  of 
the  conditions  which  are  essential  to  such  completeness  serves  to 
explain  why  it  is  that  in  most  cases  the  direct  evidence  of  evolution  is 
not  to  be  obtained. 

Another  illustration  of  the  filling  up  of  gaps  between  existing 
groups  is  afforded  by  Professor  Huxley's  researches  on  fossil  croc- 
odiles. The  gap  between  the  existing  crocodiles  and  the  lizards  is 
very  wide,  but  as  we  go  back  in  geological  time  we  meet  with  fossil- 
forms  which  are  to  some  extent  intermediate  and  form  a  connected 
series.  The  three  living  genera  —  Crocodilus,  Alligator,  and  Gavialis 
—  are  found  in  the  Eocene  formation,  and  allied  forms  of  another 
genus,  Holops,  in  the  Chalk.  From  the  Chalk  backward  to  the  Lias 
another  group  of  genera  occurs,  having  anatomical  characteristics 
intermediate  between  the  living  crocodiles  and  the  most  ancient 
forms.  These,  forming  two  genera,  Belodon  and  Stagonolepis,  are 
found  in  a  still  older  formation,  the  Trias.  They  have  characters 
resembling  some  lizards,  especially  the  remarkable  Uatteria  of  New 
Zealand,  and  have  also  some  resemblance  to  the  Dinosaurians — 
reptiles  which  in  some  respects  approach  birds.  Considering  how 
comparatively  few  are  the  remains  of  this  group  of  animals,  the 
evidence  which  it  affords  of  progressive  development  is  remarkably 
clear.* 

Among  the  higher  animals  the  rhinoceros,  the  horse,  and  the  deer 
afford  good  evidence  of  advance  in  organization  and  of  the  filling  up 
of  the  gaps  which  separate  the  living  forms  from  their  nearest  allies. 
The  earliest  ancestral  forms  of  the  rhinoceroses  occur  in  the  Middle 
Eocene  of  the  United  States,  and  were  to  some  extent  intermediate 
between  the  rhinoceros  and  tapir  families,  having  like  the  latter 
four  toes  to  the  front  feet,  and  three  to  those  behind.  These  are  fol- 
lowed in  the  Upper  Eocene  by  the  genus  Amynodon,  in  which  the 
skull  assumes  more  distinctly  the  rhinocerotic  type.  Following  this 
in  the  Lower  Miocene  we  have  the  Aceratherium,  like  the  last  in  its 
feet,  but  still  more  decidedly  a  rhinoceros  in  its  general  structure. 
From  this  there  are  two  diverging  lines  —  one  in  the  Old  World,  the 
other  in  the  New.  In  the  former,  to  which  the  Aceratherium  is  sup- 
posed to  have  migrated  in  early  Miocene  times,  when  a  mild  climate 
and  luxuriant  vegetation  prevailed  far  within  the  arctic  circle,  it 
gave  rise  to  the  Ceratorhinus  and  the  various  horned  rhinoceroses 
of  late  Tertiary  times  and  of  those  now  living.  In  America  a  number 
of  large  hornless  rhinoceroses  were  developed  —  they  are  found  in 
the  Upper  Miocene,  Pliocene,  and  Post-Pliocene  formations, —  and 
then  became  extinct.  The  true  rhinoceroses  have  three  toes  on  all 
the  feet.* 

The  Pedigree  of  the  Horse -Tribe. 

Yet  more  remarkable  is  the  evidence  afforded  by  the  ancestral 
forms  of  the  horse-tribe  which  have  been  discovered  in  the  American 
tertiaries.  The  family  Equidce,  comprising  the  living  horse,  asses, 

"On  Stagonolepis  Robertson!  and  on  the  Evolution  of  the  Crocodilia,"  in 
Quarterly  Journal  of  Geological  Society,  1875;  and  abstract  in  Nature,  vol.  xii.  p.  38. 
t  Prom  a  paper  by  Messrs.  Soott  and  Osborne,  "On  the  Origin  and  Develop- 
mf>nt  of  th«  Rbinocpros  Group,"  read  before  thf  British  Association  ip  1«8J). 
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and  zebras,  differ  widely  from  all  other  mammals  in  the  peculiar 
structure  of  the  feet,  all  of  which  terminate  in  a  single  large  toe 
forming  the  hoof.  They  have  forty  teeth,  the  molars  being  formed  of 
hard  and  soft  material  in  crescentic  folds,  so  as  to  be  a  powerful  agent 
in  grinding  up  hard  grasses  and  other  vegetable  food.  The  former 
peculiarities  depend  upon  modifications  of  the  skeleton,  which  have 
been  thus  described  by  Professor  Huxley: — 

"  Let  us  turn  in  the  first  place  to  the  fore-limb.  In  most  quad- 
rupeds, as  in  ourselves,  the  fore-arm  contains  distinct  bones,  called 
the  radius  and  the  ulna.  The  corresponding  region  in  the  horse 
seems  at  first  to  possess  but  one  bone.  Careful  observation,  however, 
enables  us  to  distinguish  in  this  bone  a  part  which  clearly  answers  to 
the  upper  end  of  the  ulna.  This  is  closely  united  with  the  chief  mass 
of  the  bone  which  represents  the  radius,  and  runs  out  into  a  slender 
shaft,  which  may  be  traced  for  some  distance  downwards  upon  the 
back  of  the  radius,  and  then  in  most  cases  thins  out  and  vanishes. 
It  takes  still  more  trouble  to  make  sure  of  what  is  nevertheless  the 
fact,  that  a  small  part  of  the  lower  end  of  the  bone  of  a  horse's  fore- 
arm, which  is  only  distinct  in  a  very  young  foal,  is  really  the  lower 
extremity  of  the  ulna. 

"  What  is  commonly  called  the  knee  of  a  horse  is  its  wrist.  The 
'cannon-bone'  answers  to  the  middle  bone  of  the  five  metacarpal 
bones  which  support  the  palm  of  the  hand  in  ourselves.  The  pastern, 
coronary,  and  coffin  bones  of  veterinarians  answers  to  the  joints  of 
our  middle  fingers,  while  the  hoof  is  simply  a  greatly  enlarged  and 
thickened  nail.  But  if  what  lies  below  the  horse's  '  knee '  thus  cor- 
responds to  the  middle  finger  in  ourselves,  what  has  become  of  the 
four  other  fingers  or  digits  !  We  find  in  the  places  of  the  second  and 
fourth  digits  only  two  slender  splintlike  bones,  about  two  thirds  as 
long  as  the  cannon-bone,  which  gradually  taper  to  their  lower  ends  and 
bear  no  finger-joints,  or,  as  they  are  termed,  phalanges.  Sometimes, 
small  bony  or  gristly  nodules  are  to  be  found  at  the  bases  of  these 
two  metacarpal  splints,  and  it  is  probable  that  these  represent  rudi- 
ments of  the  first  and  fifth  toes.  Thus,  the  part  of  the  horse's  skeleton 
which  corresponds  with  that  of  the  human  hand  contains  one  over- 
grown middle  digit  and  at  least  two  imperfect  lateral  digits ;  and 
these  answer,  respectively,  to  the  third,  the  second,  and  the  fourth 
fingers  in  man. 

"  Corresponding  modifications  are  found  in  the  hind  limb.  In 
ourselves,  and  in  most  quadrupeds,  the  leg  contains  two  distinct 
bones  —  a  large  bone,  the  tibia,  and  a  smaller  and  more  slender  bone, 
the  fibula.  But  in  the  horse,  the  fibula  seems,  at  first,  to  be  reduced 
to  its  upper  end, —  a  short  slender  bone  united  with  the  tibia,  and 
ending  in  a  point  below,  occupying  its  place.  Examination  of  the 
lower  end  of  a  young  foal's  shinbone,  however,  shows  a  distinct  portion 
of  osseous  matter  which  is  the  lower  end  of  the  fibula ;  so  that  the 
apparently  single  lower  end  of  the  shinbone  is  really  made  up  of  the 
coalesced  ends  of  the  tibia  and  fibula,  just  as  the  apparently  single 
lower  end  of  the  forearm-bone  is  composed  of  the  coalesced  radius 
and  ulna. 

'•The  heel  of  the  horse  is  the  part  commonly  known  as  the  hock. 
The  hinder  cannon-bone  answers  to  the  middle  metatarsal  bone  of  the 
human  foot ;  the  pastern,  coronary,  and  coffin  bones,  to  the  middle- toe 
bones;  the  hind  hoof  to  the  nail,  as  in  the  forefoot.  And,  as  in  the 
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forefoot,  there  are  merely  two  splints  to  represent  the  second  and 
the  fourth  toes.  Sometimes  a  rudiment  of  a  fifth  toe  appears  to  be 
traceable. 

"  The  teeth  of  a  horse  are  not  less  peculiar  than  its  limbs.  The 
living  engine,  like  all  others,  must  be  well  stoked  if  it  is  to  do  its 
work ;  and  the  horse,  if  it  is  to  make  good  its  wear  and  tear,  and 
to  exert  the  enormous  amount  of  force  required  for  its  propulsion, 
mast  be  well  and  rapidly  fed.  To  this  end,  good  cutting-instruments 
and  powerful  and  lasting  crushers  are  needful.  Accordingly,  the 
twelve  cutting-teeth  of  a  horse  are  close-set  and  concentrated  in  the 
forepart  of  its  mouth,  like  so  many  adzes  or  chisels.  The  grinders 
or  molars  are  large,  and  have  au  extremely  complicated  structure, 
being  composed  of  a  number  of  different  substances  of  unequal  hard- 
ness. The  consequence  of  this  is  that  they  wear  away  at  different 
rates ;  and  hence  the  surface  of  each  grinder  is  always  as  uneven  as 
that  of  a  good  millstone."* 

We  thus  see  that  the  Equidaz  differ  very  widely  in  structure  from 
most  other  mammals.  Assuming  the  truth  of  the  theory  of  evolution, 
we  should  expect  to  find  traces  among  extinct  animals  of  the  steps  by 
which  this  great  modification  has  been  effected ;  and  we  do  really  find 
traces  of  these  steps,  imperfectly  among  European  fossils,  but  far 
more  completely  among  those  of  America. 

It  is  a  singular  fact  that  although  no  horse  inhabited  America  when 
discovered  by  Europeans,  yet  abundance  of  remains  of  extinct  horses 
have  been  found  both  in  North  and  South  America  in  Post-Tertiary 
and  Upper  Pliocene  deposits ;  and  from  these  an  almost  continuous 
series  of  modified  forms  can  be  trac  id  in  the  Tertiary  formation,  till 
we  reach,  at  the  very  base  of  the  series,  a  primitive  form  so  unlike 
our  perfected  animal,  that,  had  we  not  the  intermediate  links,  few 
persons  would  believa  that  the  one  was  the  ancestor  of  the  other. 
The  tracing  out  of  this  marvelous  history  we  owe  chiefly  to  Professor 
Marsh  of  Yale  College,  who  has  himself  discovered  no  less  than  thirty 
species  of  fossil  Equidce;  and  we  will  allow  him  to  tell  the  story 
of  the  development  of  the  horse  from  a  humble  progenitor  in  his 
own  words. 

"The  oldest  representative  of  the  horse  at  present  known  is  the 
diminutive  Eohippus  from  the  Lower  Eocene.  Several  species  have 
been  found,  all  about  the  size  of  a  fox.  Like  most  of  the  early  mam- 
mals, these  ungulates  had  forty-four  teeth,  the  molars  with  short 
crowns  and  quite  distinct  in  form  from  the  pretnolars.  The  ulna  and 
fibula  were  entire  and  distinct,  and  there  were  four  well-developed 
toes  and  a  rudiment  of  another  on  the  forefeet,  and  three  toes  behind. 
In  the  structure  of  the  feet  and  teeth,  the  Eohippus  unmistakably 
indicates  that  the  direct  ancestral  line  to  the  modern  horse  has  already 
separated  from  the  other  perissodactyles,  or  odd-toed  ungulates. 

"  In  the  next  higher  division  of  the  Eocene  another  genus,  Oro- 
hippus,  makes  its  appearance,  replacing  Eohippus,  and  showing  a 
greater,  though  still  distant,  resemblance  to  the  equine  type.  The 
rudimentary  first  digit  of  the  forefoot  has  disappeared,  and  the  last 
premolar  has  gone  over  to  the  molar  series.  Orohippus  was  but 
little  larger  than  Eohippus,  and  in  most  other  respects  very  similar. 
Several  species  have  been  found,  but  none  occur  later  than  the  Upper 
Eocene. 

*  American  Addresses,  pp.  73-76. 
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"  Near  the  base  of  the  Miocene,  we  find  a  third  closely  allied 
genus,  Mesoliippus,  wiiicli  is  about  as  large  as  a  sheep,  and  one  stage 
nearer  the  horse.  There  are  only  three  toes  and  a  rudimentary  splint 
on  the  forefeet,  and  three  toes  behind  Two  of  the  premolar  teeth 
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PIG.  33. — Geological  Development  of  the  Horse-tribe  (Eohippus  since  discovered). 


are  quite  like  the  molars.  The  ulna  is  no  longer  distinct  or  the 
fibula  entire,  and  other  characters  show  clearly  that  the  transition  is 
advancing. 

"  In  the  Upper  Miocene  Mesohippus  is  not  foiind,  but  in  its  place 
a  fourth  form,  Miohippus,  continues  the  line.  This  genus  is  near  the 
Anchitheriuin  of  Europe,  but  presents  several  important  differences. 
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The  three  toes  in  each  foot  are  more  nearly  of  a  size,  and  a  rudiment 
of  the  fifth  metacarpal  boue  is  retained.  All  the  known  species  of 
this  genus  are  larger  than  those  of  Mesohippus,  and  none  of  them 
pass  above  the  Miocene  formation. 

"  The  genus  Protohippus  of  the  Lower  Pliocene  is  yet  more  equine, 
and  some  of  its  species  equalled  the  ass  in  size.  There  are  still  three 
toes  on  each  foot,  but  only  the  middle  one,  corresponding  to  the 
single  toe  of  the  horse,  comes  to  the  ground.  This  genus  resembles 
most  nearly  the  Hipparion  of  Europe. 

"In  the  Pliocene  we  have  the  last  stage  of  the  series  before 
reaching  the  horse  in  the  genus  Pliohippus,  which  has  lost  the  small 
hooflets,  and  in  other  respects  is  very  equine.  Only  in  the  Upper 
Pliocene  does  the  true  Equus  appear  and  complete  the  genealogy  of 
the  horse,  which  in  the  Post-Tertiary  roamed  over  the  whole  of  Nortii 
and  South  America,  and  soon  after  became  extinct.  This  occurred 
long  before  the  discovery  of  the  continent  by  Europeans,  and  no 
satisfactory  reason  for  the  extinction  has  yet  been  given.  Besides 
the  characters  I  have  mentioned,  there  are  many  others  in  the 
skeleton,  skull,  teeth,  and  brain  of  the  forty  or  more  intermediate 
species,  which  show  that  the  transition  from  the  Eocene  Eohippus 
to  the  modern  Equus  has  taken  place  in  the  order  indicated."  *  (See 
Fig.  33,  on  preceding  page.) 

Well  may  Professor  Huxley  say  that  this  is  demonstrative  evidence 
of  evolution,  the  doctrine  resting  upon  exactly  as  secure  a  foundation 
as  did  the  Copernican  theory  of  the  motions  of  the  heavenly  bodies 
at  the  time  of  its  promulgation.  Both  have  the  same  basis  —  the 
coincidence  of  the  observed  facts  with  the  theoretical  requirements. 

Development  of  Deers1  Horns. 

Another  clear  and  unmistakable  proof  of  evolution  is  afforded  by 
one  of  the  highest  and  latest  developed  tribes  of  mammals  —  the  trne 
deer.  These  differ  from  all  other  ruminants  in  possessing  solid 
deciduous  horns,  which  are  always  more  or  less  branched.  They  first 
appear  in  the  Middle  Miocene  formation,  and  continue  down  to  our 
time ;  and  their  development  has  been  carefully  traced  by  Professor 
Boyd  Dawkins,  who  thus  summarizes  his  results: — 

"In  the  middle  stage  of  the  Miocene  the  cervine  antler  consists 
merely  of  a  simple  forked  crown  (as  in  Cervus  dicroceros),  which 
increases  in  size  in  the  Upper  Miocene,  although  it  still  remains  small 
and  erect,  like  that  of  the  roe.  In  Cervus  Matheroni  it  measures  11' 4 
inches,  and  throws  off  not  more  than  four  times,  all  small.  The  deer 
living  in  Auvergne  in  the  succeeding  or  Pliocene  age,  present  us  with 
another  stage  in  the  history  of  antler-development.  There,  for  the 
first  time,  we  see  antlers  of  the  Axis  and  Eusa  type,  larger  and  longer, 
and  more  branching  than  any  antlers  were  before,  and  possessing  three 
or  more  well-developed  tines.  Deer  of  this  type  abounded  in  Pliocene 
Europe.  They  belong  to  the  Oriental  division  of  the  Cervidce,  and 
their  presence  in  Europe  confirms  the  evidence  of  the  flora,  brought 
forward  by  the  Comte  de  S;>porta,  that  the  Pliocene  climate  was 
warm.  They  have  probably  disappeared  from  Europe  in  consequence 
of  the  lowering  of  the  temperature  in  the  Pleistocene  age,  while  their 

*  Lecture  on  the  Introduction  and  Succession  of  Vertebrate  Life  in  America, 
Nature,  vol.  xvi.  p.  471. 
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descendants  have  found  a  congenial  home  in  the  warmer  regions  of 
Eastern  Asia. 

"  In  the  latest  stage  of  the  Pliocene  —  the  Upper  Pliocene  of  the 
Val  d'Arno  —  the  Cervus  dicranios  of  Nesti  presents  us  with  antlers 
much  smaller  than  those  of  the  Irish  elk,  but  very  complicated  in 
their  branching.  The  animal  survived  into  the  succeeding  age,  and 
is  found  in  the  pre-glacial  forest-bed  of  Norfolk,  being  described  by 
Dr.  Falconer  under  the  name  of  Sedgwick's  deer.  The  Irish  elk, 
moose,  stag,  reindeer,  and  fallow-deer  appear  in  Europe  in  the  Pleis- 
tocene age,  all  with  highly  complicated  antlers  iu  the  adult,  and  the 
first  possessing  the  largest  antlers  yet  known.  Of  these  the  Irish 
elk  disappeared  in  the  Prehistoric  age,  after  having  lived  in  count- 
less herds  in  Ireland,  while  the  rest  have  lived  on  into  our  own  times 
in  Euro-Asia,  and,  with  the  exception  of  the  last,  also  in  North 
America. 

•'From  this  survey  it  is  obvious  that  the  cervine  antlers  have  in- 
creased in  size  and  complexity  from  the  Mid-Miocene  to  the  Pleistocene 
age.  and  that  their  successive  changes  are  analogous  to  those  which 
are  observed  in  the  development  of  antlers  in  the  living  deer,  which 
begin  with  a  simple  point,  and  increase  in  number  of  tines  till  their 
limit  of  growth  be  reached.  In  other  words,  the  development  of  ant- 
lers indicated  at  successive  and  widely-separated  pages  of  the  geologi- 
cal record  is  the  same  as  that  observed  in  the  history  of  a  single  living 
species.  It  is  also  obvious  that  the  progressive  diminution  of  size  and 
complexity  in  the  antlers,  from  the  present  time  back  into  the  early 
Tertiary  age.  shows  that  we  are  approaching  the  zero  of  antler-develop- 
ment in  the  Mid-Miocene.  No  ti'ace  of  any  antler-bearing  ruminant 
has  been  met  with  in  the  lower  Miocenes,  either  of  Europe  or  the 
United  States."* 

Progressive  Brain  -Development. 

The  three  illustrations  now  given  sufficiently  prove  that  whenever 
the  geological  record  approaches  to  completeness  we  have  evidence  of 
the  progressive  change  of  species  in  definite  directions,  and  from  less 
developed  to  more  developed  types, —  exactly  such  a  change  as  we 
may  expect  to  find  if  the  evolution-theory  be  the  true  one.  Many 
other  illustrations  of  a  similar  change  could  be  given,  but  the  animal 
groups  in  which  they  occur  being  less  familiar  the  details  would  be 
less  interesting,  and  perhaps  hardly  intelligible.  There  is,  however, 
one  very  remarkable  proof  of  development  that  must  be  briefly  noticed 
— that  afforded  by  the  steady  increase  in  the  size  of  the  brain.  This 
may  be  best  stated  in  the  words  of  Professor  Marsh: — 

"  The  real  progress  of  mammalian  life  in  America,  from  the  begin- 
ning of  the  Tertiary  to  the  present,  is  well  illustrated  by  the  brain- 
growth,  in  which  we  have  the  key  of  many  other  changes.  The  earliest 
known  Tertiary  mammals  all  had  very  small  brains,  and  in  some  forms 
this  organ  was  proportionally  less  than  in  certain  reptiles.  There  was 
a  gradual  increase  in  the  size  of  the  brain  during  this  period,  and  it  is 
interesting  to  find  that  this  growth  was  mainly  confined  to  the  cerebral 
hemispheres,  or  higher  portion  of  the  brain.  In  most  groups  of  mam- 
mals the  brain  has  gradually  become  more  convoluted,  and  thus 
increased  in  quality  as  well  as  quantity.  In  some  also  the  cerebellum 
and  olfactory  lobes,  the  lower  parts  of  the  brain,  have  even  diminished 
in  size.  In  the  long  struggle  for  existence  during  Tertiary  time  the 

*  ffature,  vol.  xxv.  p.  £4, 
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big  brains  won,  then  as  now ;  and  the  increasing  power  thus  gained 
rendered  useless  many  structures  inherited  from  primitive  ancestors, 
but  no  longer  adapted  to  new  conditions." 

This  remarkable  proof  of  development  in  the  organ  of  the  mental 
faculties  forms  a  fitting  climax  to  the  evidence  already  adduced  of  the 
progressive  evolution  of  the  general  structure  of  the  body,  as  illus- 
trated by  the  bony  skeleton.  We  now  pass  on  to  another  class  of 
facts  equally  suggestive  of  evolution. 

The  Local  Relations   of  Fossil  and  Living  Animals. 

If  all  existing  animals  have  been  produced  from  ancestral  forms — 
mostly  extinct — under  the  law  of  variation  and  natural  selection,  we 
may  expect  to  find  in  most  cases  a  close  relation  between  the  living 
forms  of  each  country  and  those  which  inhabited  it  in  the  immediately 
preceding  epoch.  But  if  species  have  originated  in  some  quite  differ- 
ent way,  either  by  any  kind  of  special  creation  or  by  sudden  advances 
of  organization  in  the  offspring  of  preceding  types,  such  close  relation- 
ship would  not  be  found  ;  and  facts  of  this  kind  become,  therefore,  to 
some  extent  a  test  of  evolution  under  natural  selection  or  some  other 
law  of  gradual  change.  Of  course  the  relationship  will  not  appeal- 
when  extensive  migration  has  occurred,  by  which  the  inhabitants  of 
one  region  have  been  able  to  take  possession  of  another  region,  and 
destroy  or  drive  out  its  original  inhabitants,  as  has  sometimes  hap- 
pened. But  such  cases  are  comparatively  rare,  except  where  great 
changes  of  climate  are  known  to  have  occurred ;  and  we  usually  do 
find  a  remarkable  continuity  between  the  existing  fauna  and  flora  of  a 
country  and  those  of  the  immediately  preceding  age.  A  few  of  the 
more  remarkable  of  these  cases  will  now  be  briefly  noticed. 

The  mammalian  fauna  of  Australia  consists,  as  is'well  known,  wholly 
of  the  lowest  forms — the  Marsupials  and  Monotremata — except  only  a 
few  species  of  mice.  This  is  accounted  for  by  the  complete  isolation 
of  the  country  from  the  Asiatic  continent  during  the  whole  period  of 
the  development  of  the  higher  animals.  At  some  earlier  epoch  the 
ancestral  marsupials,  which  abounded  both  in  Europe  and  North 
America  in  the  middle  of  the  Secondary  period,  entered  the  country, 
and  have  since  remained  there,  free  from  the  competition  of  higher 
forms,  and  have  undergone  a  special  development  in  accordance  with 
the  peculiar  conditions  of  a  limited  area.  While  in  the  large  continents 
higher  forms  of  mammalia  have  been  developed,  which  have  almost  or 
wholly  exterminated  the  less  perfect  marsupials,  in  Australia  these 
latter  have  become  modified  into  such  varied  forms  as  the  leaping 
kangaroos,  the  burrowing  wombats,  the  arboreal  phalangers,  the 
insectivorous  bandicoots,  and  the  carnivorous  Dasyuridce  or  native 
cats,  culminating  in  the  Thylacinus  or  "tiger-wolf"  of  Tasmania, — 
animals  as  unlike  each  other  as  our  sheep,  rabbits,  squirrels,  and  dogs, 
but  ail  retaining  the  characteristic  features  of  the  marsupial  type. 

Now  in  the  caves  and  late  Tertiary  or  Post-Tertiary  deposits  of 
Australia  the  remains  of  many  extinct  mammalia  have  been  found,  but 
all  are  marsupials.  There  are  many  kangaroos,  some  larger  than  any 
living  species,  and  others  more  allied  to  the  tree-kangaroos  of  New 
Guinea ;  a  large  wombat,  as  large  as  a  tapir ;  the  Diprotodon,  a  thick- 
limbed  kangaroo  the  size  of  a  rhinoceros  or  small  elephant ;  and  a 
quite  different  animal,  the  Nbtotherium,  nearly  as  large.  The  carnivor- 
ous Thylacinus  of  Tasmania  is  also  found  fossil ;  and  a  huge  phalanger, 
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Thylacoleo,  the  size  of  a  lion,  believed  by  Professor  Owen  and  by 
Professor  Oscar  Schmidt  to  have  been  equally  carnivorous  and 
destructive.*  Besides  these,  there  are  many  other  species  more 
resembling  the  living  forms  both  in  size  and  structure,  of  which  they 
may  be,  in  some  cases,  the  direct  ancestors.  Two  species  of  extinct 
Echidna,  belonging  to  the  very  low  Monotremata,  have  also  been 
found  in  New  South  Wales. 

Next  to  Australia,  South  America  possesses  the  most  remarkable 
assemblage  of  peculiar  mammals,  in  its  numerous  Edentata  —  the 
sloths,  anteaters,  and  armadillos  ;  its  rodents,  such  as  the  cavies  and 
chinchillas ;  its  marsupial  opossoms,  and  its  quadrumana  of  the 
family  Cebidce.  Remains  of  extinct  species  of  all  these  have  been 
found  in  the  caves  of  Brazil,  of  Post-Pliocene  age ;  while  in  the  earlier 
Pliocene  deposits  of  the  pampas  many  distinct  genera  of  these  groups 
have  been  found,  some  of  gigantic  size  and  extraordinary  form.  There 
are  armadillos  of  many  types,  some  being  as  large  as  elephants; 
gigantic  sloths  of  the  genera  Megatherium,  Megalonyx,  Mylodon, 
Lestodon.  and  many  others ;  rodents  belonging  to  the  American  fam- 
ilies Cavidce  and  Chmchittidce  ;  and  ungulates  allied  to  the  llama : 
besides  many  other  distinct  forms  of  intermediate  types  or  of  uncer- 
tain affinities.!  The  extinct  Moas  of  New  Zealand — huge  wingless 
birds  allied  to  the  living  Apteryx — illustrate  the  same  general  law. 

The  examples  now  quoted,  besides  illustrating  and  enforcing  the 
general  fact  of  evolution,  throw  some  light  on  the  usual  character  of 
the  modification  and  progression  of  animal  forms.  In  the  cases  where 
the  geological  record  is  tolerably  complete,  we  find  a  continuous 
development  of  some  kind — either  in  complexity  of  ornamentation,  as 
in  the  fossil  Paludinas  of  the  Hungarian  lake-basins ;  in  size  and  in 
the  specialization  of  the  feet  and  teeth,  as  in  the  American  fossil  horses ; 
or  in  the  increased  development  of  the  branching  horns,  as  in  the  true 
deer.  In  each  of  these  cases  specialization  and  adaptation  to  the  con- 
ditions of  the  environment  appeal-  to  have  reached  their  limits,  and  any 
change  of  these  conditions,  especially  if  it  be  at  all  rapid  or  accom- 
panied by  the  competition  of  less  developed  but  more  adaptable 
forms,  is  liable  to  cause  the  extinction  of  the  most  highly  developed 
groups.  Such  we  know  was  the  case  with  the  horse-tribe  in  America, 
which  totally  disappeared  in  that  continent  at  an  epoch  so  recent  that 
we  can  not  be  sure  that  the  disappearance  was  not  witnessed,  perhaps 
caused,  by  man ;  while  even  in  the  Eastern  hemisphere  it  is  the  smaller 
species  —  the  asses  and  the  zebras  —  that  have  persisted,  while  the 
larger  and  more  highly  developed  true  horses  have  almost,  if  not  quite, 
disappeared  in  a  state  of  Nature.  So  we  find,  both  in  Australia  and 
South  America,  that  in  a  quite  recent  period  many  of  the  largest  and 
most  specialized  forms  have  become  extinct,  while  only  the  smaller 
types  have  survived  to  our  day  ;  and  a  similar  fact  is  to  be  observed 
in  many  of  the  earlier  geological  epochs,  a  group  progressing  and 
reaching  a  maximum  of  size  or  complexity  and  then  dying  out,  or 
leaving  at  most  but  few  and  pigmy  representatives. 

Cause   of  Extinction  of  Large  Animals. 

Now  there  are  several  reasons  for  the  repeated  extinction  of  large 
rather  than  of  small  animals.  In  the  first  place,  animals  of  great  bulk 

*  See  The  Mammalia  in  their  delation  to  Primeval  Times,  p.  102. 
t  For  a  brief  enumeration  and  description  of  these  fossils  see  the  author's 
Geographical  Distribution  of  Animals,  vol.  i.  p.  146. 
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require  ft  proportionate  supply  of  food,  and  any  adverse  change  of 
conditions  would  affect  them  more  seriously  than  it  would  smaller 
animals.  In  the  next  place,  the  extreme  specialization  of  many  of 
these  large  animals  would  render  it  less  easy  for  them  to  be  modified 
in  any  new  direction  suited  to  changed  conditions.  Still  more  import- 
ant, perhaps,  is  the  fact  that  very  large  animals  always  increase  slowly 
as  compared  with  small  ones — the  elephant  producing  a  single  young 
one  every  three  years,  while  a  rabbit  may  have  a  litter  of  seven  or 
eight  young  two  or  three  times  a  year.  Now  the  probability  of  favor- 
able variations  will  be  in  direct  proportion  to  the  population  of  the 
species,  and  as  the  smaller  animals  are  not  only  many  hundred  times 
more  numerous  than  the  largest,  but  also  increase  perhaps  a  hundred 
times  as  rapidly,  they  are  able  to  become  quickly  modified  by  variation 
and  natural  selection  in  harmony  with  changed  conditions,  while  the 
large  and  bulky  species,  being  unable  to  vary  quickly  enough,  are 
obliged  to  succumb  in  the  struggle  for  existence.  As  Professor  Marsh 
well  observes :  "  In  every  vigorous  primitive  type  which  was  destined 
to  survive  many  geological  changes,  there  seems  to  have  been  a  tend- 
ency to  throw  off  lateral  branches,  which  became  highly  specialized  and 
soon  died  out,  because  they  were  unable  to  adapt  themselves  to  new 
conditions."  And  he  goes  on  to  show  how  the  whole  narrow  path  of 
the  persistent  Suilline  type,  throughout  the  entire  series  of  the  Amer- 
ican tertiaries,  is  strewed  with  the  remains  of  such  ambitious  offshoots, 
many  of  them  attaining  the  size  of  a  rhinoceros ;  "  while  the  typical 
pig,  with  an  obstinacy  never  lost,  has  held  on  in  spite  of  catastrophes 
and  evolution,  and  still  lives  in  America  today." 

Indications  of  General  Progression  in  Plants  and  Animals. 

One  of  the  most  powerful  arguments  formerly  adduced  against 
evolution  was  that  geology  afforded  no  evidence  of  the  gradual  de- 
velopment of  organic  forms,  but  that  whole  tribes  and  classes  appeared 
suddenly  at  definite  epochs,  and  often  in  great  variety  and  exhibiting 
a  very  perfect  organization.  The  mammalia,  for  example,  were  long 
thought  to  have  first  appeared  in  Tertiary  times,  where  they  are 
represented  in  some  of  the  earlier  deposits  by  all  the  great  divisions 
of  the  class  fully  developed  —  carnivora,  rodents,  insectivora,  mar- 
supials, and  even  the  perissodactyle  and  artiodactyle  divisions  of  the 
ungulata  —  as  clearly  defined  as  at  the  present  day.  The  discovery 
in  1818  of  a  single  lower-jaw  in  the  Stonesfield  Slate  of  Oxfordshire 
hardly  threw  doubt  on  the  generalization,  since  either  its  mammalian 
character  was  denied  or  the  geological  position  of  the  strata  in  which 
it  was  found  was  held  to  have  been  erroneously  determined.  But 
since  then,  at  intervals  of  many  years,  other  remains  of  mammalia 
have  been  discovered  in  the  secondary  strata,  ranging  from  the  Upper 
Oolite  to  the  Upper  Trias  both  in  Europe  and  the  United  States,  and 
one  even  (Tritylodon)  in  the  Trias  of  South  Africa.  All  these  are 
either  marsupials,  or  of  some  still  lower  type  of  mammalia ;  but  they 
consist  of  many  distinct  forms  classed  in  about  twenty  genera.  Never- 
theless, a  great  gap  still  exists  between  these  mammals  and  those  of 
the  Tertiary  strata,  since  no  mammal  of  any  kind  has  been  found 
in  any  part  of  the  Cretaceous  formation,  although  in  several  of  its 
subdivisions  abundance  of  land-plants,  fresh-water  shells,  and  air- 
breathing  reptiles  have  been  discovered.  So  with  fishes.  In  the 
last  century  none  had  been  obtained  lower  than  the  Carboniferous 
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formation ;  thirty  years  later  they  were  found  to  be  very  abundant  in 
the  Devonian  rocks,  and  later  still  they  were  discovered  in  the  Upper 
Ludlow  and  Lower  Ludlow  beds  of  the  Silurian  formation. 

We  thus  see  that  such  sudden  appearances  are  deceptive,  and  are, 
in  fact,  only  what  we  ought  to  expect  from  the  known  imperfection  of 
the  geological  record.  The  conditions  favorable  to  the  fossilization 
of  any  group  of  animals  occur  comparatively  rarely,  and  only  in  very 
limited  areas;  while  the  conditions  essential  for  their  permanent 
preservation  in  the  rocks,  amid  all  the  destruction  caused  by 
denudation  or  metamorphism,  are  still  more  exceptional.  And  when 
they  are  thus  preserved  to  our  day,  the  particular  parts  of  the  rocks 
in  which  they  lie  hidden  may  not  be  on  the  surface  but  buried  down 
deep  under  other  strata,  and  may  thus,  except  in  the  case  of  mineral- 
bearing  deposits,  be  altogether  out  of  our  reach.  Then,  again,  how 
large  a  proportion  of  the  earth  consists  of  wild  and  uncivilized  regions 
in  which  no  exploration  of  the  rocks  has  been  yet  made,  so  that 
whether  we  shall  find  the  fossilized  remains  of  any  particular  group 
of  animals  which  lived  during  a  limited  period  of  the  earth's  history, 
and  in  a  limited  area,  depends  upon  at  least  a  fivefold  combination  of 
chances.  Now,  if  we  take  each  of  these  chances  separately  as  only 
ten  to  one  against  us  (and  some  are  certainly  more  than  this),  then  the 
actual  chance  against  our  finding  the  fossil  remains,  say  of  any  one 
order  of  mammalia,  or  of  land-plants,  at  any  particular  geological 
horizon,  will  be  about  a  hundred  thousand  to  one. 

It  may  be  asked,  if  the  chances  are  so  great,  how  is  it  that  we  find 
such  immense  numbers  of  fossil  species, —  exceeding  in  number,  in  some 
groups,  all  those  that  are  now  living  ?  But  this  is  exactly  what  we 
should  expect,  because  the  number  of  species  of  organisms  that  have 
ever  lived  upon  the  earth,  since  the  earliest  geological  times,  will 
probably  be  many  hundred  times  greater  than  those  now  existing  of 
which  we  have  any  knowledge  ;  and  hence  the  enormous  gaps  and 
chasms  in  the  geological  record  of  extinct  forms  is  not  to  be  won- 
dered at.  Yet,  notwithstanding  these  chasms  in  our  knowledge,  if 
evolution  is  true,  there  ought  to  have  been,  on  the  whole,  progression 
in  all  the  chief  types  of  life.  The  higher  and  more  specialized  forme 
should  have  come  into  existence  later  than  the  lower  and  more 
generalized  forms  ;  and  however  fragmentary  the  portions  we  possess 
of  the  whole  tree  of  life  upon  the  earth,  they  ought  to  show  ue 
broadly  that  such  a  progressive  evolution  has  taken  place.  We  have 
seen  that  in  some  special  groups,  already  referred  to,  such  a  pro- 
gression is  clearly  visible,  and  we  will  now  cast  a  hasty  glance  over  the 
entire  series  of  fossil  forms,  in  order  to  see  if  a  similar  progression  ia 
manifested  by  them  as  a  whole. 

The  Progressive  Development  of  Plants. 

Ever  since  fossil  plants  have  been  collected  and  studied,  the  broad 
fact  has  been  apparent  that  the  early  plants  —  those  of  the  Coal 
formation  —  were  mainly  cryptogamous,  while  in  the  Tertiary  deposits 
the  higher  flowering-plants  prevailed.  In  the  intermediate  secondary 
epoch  the  gymnosperms  —  cycads  and  coniferse  —  formed  a  prominent 
part  of  the  vegetation,  and  as  these  have  usually  been  held  to  be  a 
kind  of  transition  form  between  the  flowerless  and  flowering  plants, 
the  geological  succession  has  always,  broadly  speaking,  been  in 
accordance  with  the  theory  of  evolution.  Bevond  this,  however. 
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the  facts  were  very  puzzling.  The  highest  cryptogams  —  ferns, 
lycopods,  and  equisetacese — appeared  suddenly  and  in  immense 
profusion  in  the  Coal  formation,  at  which  period  they  attained  a 
development  they  have  never  since  surpassed  or  even  equaled  ;  while 
the  highest  plants  —  the  dicotyledonous  and  monocotyledonous 
angiosperms  —  which  now  form  the  bulk  of  the  vegetation  of  the 
world,  and  exhibit  the  most  wonderful  modifications  of  form  and 
structure,  were  almost  unknown  till  the  Tertiary  period,  when  they 
suddenly  appeared  in  full  development,  and,  for  the  most  part,  under 
the  same  generic  forms  as  now  exist. 

During  the  latter  half  of  the  present  century,  however,  great 
additions  have  been  made  to  our  knowledge  of  fossil  plants;  and 
although  there  are  still  indications  of  vast  gaps  in  our  knowledge,  due, 
no  doubt,  to  the  very  exceptional  conditions  required  for  the  pres- 
ervation of  plant-remains,  we  now  possess  evidence  of  a  more 
continuous  development  of  the  various  types  of  vegetation.  Accord- 
ing to  Mr.  Lester  F.  Ward,  between  8,000  and  9,000  species  of  fossil 
plants  have  been  described  or  indicated ;  and,  owing  to  the  careful 
study  of  the  nervation  of  leaves,  a  large  number  of  these  are  refer- 
able to  the  proper  orders  or  genera,  and  therefore  give  us  some 
notion  —  which,  though  very  imperfect,  is  probably  accurate  in  its 
main  outlines  —  of  the  progressive  development  of  vegetation  on 
the  earth.*  The  following  is  a  summary  of  the  facts  as  given  by 
Mr.  Ward: — 

The  lowest  forms  of  vegetable  life  —  the  cellular  plants  —  have 
been  found  in  Lower  Silurian  deposits  in  the  form  of  three  species  of 
marine  algse ;  and  in  the  whole  Silurian  formation  fifty  species  have 
been  recognized.  We  can  not  for  a  moment  suppose,  however,  that 
this  indicates  the  first  appearance  of  vegetable  life  upon  the  earth, 
for  in  these  same  Lower  Silurian  beds  the  more  highly  organized 
vascular  cryptogams  appear  in  the  form  of  rhizocarps  —  plants  allied 
to  Marsilea  and  Azolla, —  and  a  very  little  higher,  ferns,  lycopods,  and 
even  conifers  appear.  We  have  indications,  however,  of  a  still  more 
ancient  vegetation,  in  the  carbonaceous  shales  and  thick  beds  of 
graphite  far  down  in  the  Middle  Laurentian,  since  there  is  no  other 
known  agency  than  the  vegetable  cell  by  means  of  which  carbon  can 
be  extracted  from  the  atmosphere  and  fixed  in  the  solid  state.  These 
great  beds  of  graphite,  therefore,  imply  the  existence  of  abundance  of 
vegetable  life  at  the  very  commencement  of  the  era  of  which  we  have 
any  geological  record,  f 

*  Sketch  of  PalfBobotany  in  Fifth  Annual  Report  of  U.  S.  Geological  Survey, 
1883-84,  pp.  363-452,  with  diagrams.  Sir  J.  William  Dawson,  speaking  of  the 
value  of  leaves  for  the  determination  of  fossil  plants,  says:  "In  my  own  expe- 
rience I  have  often  found  determinations  of  the  leaves  of  trees  confirmed  by  the 
discovery  of  their  fruits  or  of  the  structure  of  their  stems.  Thus,  in  the  rich 
cretaceous  plant-beds  of  the  Dunvegan  series  we  have  beechnuts  associated  in 
the  same  bed  with  leaves  referred  to  Fagus.  In  the  Laramie  beds  I  determined 
many  years  ago  nuts  of  the  Trapa  or  water-chestnut,  and  subsequently  Lesquereux 
found  in  beds  in  the  United  States  leaves  which  he  referred  to  the  same  genus. 
Later,  I  found'  in  collections  made  on  the  Red  Deer  River  of  Canada  my  fruits 
and  Lesquereux's  leaves  on  the  same  slab.  The  presence  of  trees  of  the  genera 
Carya  and  Juglans  in  the  same  formation  was  inferred  from  the  leaves,  and 
specimens  have  since  been  obtained  of  silicified  wood  with  the  microscopic 
structure  of  the  modern  butternut.  Still  we  are  willing  to  admit  that  determina- 
tions from  leaves  alone  are  liable  to  doubt." — The  Geological  History  of  Plants, 
p.  196. 

f  Sir  J.  William  Dawson's  Geological  History  of  Plants,  p.  18. 
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Ferns,  as  already  stated,  begin  in  the  Middle  Silurian  formation 
with  the  Eopteris  Morrieri.  In  the  Devonian  we  have  79  species,  in 
the  Carboniferous  627,  and  in  the  Permian  186  species, — after  which 
fossil  ferns  diminish  greatly,  though  they  are  found  in  every  formation ; 
and  the  fact  that  fully  3,000  living  species  are  known,  while  the 
richest  portion  of  the  Tertiary  in  fossil  plants  —  the  Miocene  —  has 
only  produced  87  species,  will  serve  to  indicate  the  extreme  imper- 
fection of  the  geological  record. 

The  Equisetacece  (horsetails)  which  also  first  appear  in  the  Silurian 
and  reach  their  maximum  development  in  the  Coal  formation,  are,  in 
all  succeeding  formations,  far  less  numerous  than  ferns,  and  only 
thirty  living  species  are  known.  Lycopodiacece,  though  still  more 
abundant  in  the  Coal  formation,  are  very  rarely  found  in  any  suc- 
ceeding deposit,  though  the  living  species  are  tolerably  numerous, 
about  500  having  been  described.  As  we  can  not  suppose  them  to 
have  really  diminished  and  then  increased  again  in  this  extraordinary 
manner,  we  have  another  indication  of  the  exceptional  nature  of  plant 
preservation  and  the  extreme  and  erratic  character  of  the  imperfection 
of  the  record. 

Passing  now  to  the  next  higher  division  of  plants — the  gymnosperms 
— we  find  Coniferce  appearing  in  the  Upper  Silurian,  becoming  toler- 
ably abundant  in  the  Devonian,  and  reaching  a  maximum  in  the 
Carboniferous,  from  which  formation  more  than  300  species  are 
known,  equal  to  the  number  recorded  as  now  living.  They  occur  in 
all  succeeding  formations,  being  abundant  in  the  Oolite,  and  excess- 
ively so  in  the  Miocene,  from  which  250  species  have  been  described. 
The  allied  family  of  gymnosperms,  the  Cycadacece,  first  appear  in 
the  Carboniferous  era,  but  very  scantily;  are  most  abundant  in  the 
Oolite,  from  which  formation  116  species  are  known,  and  then 
steadily  diminish  to  the  Tertiary,  although  there  are  seventy-five 
living  species. 

We  now  come  to  the  true  flowering-plants,  and  we  first  meet  with 
monocotyledons  in  the  Carboniferous  and  Permian  formations.  The 
character  of  these  fossils  was  long  disputed,  but  is  now  believed  to  be 
well  established ;  and  the  sub-class  continues  to  be  present  in  small 
numbers  in  all  succeeding  deposits,  becoming  rather  plentiful  in  the 
Upper  Cretaceous,  and  very  abundant  in  the  Eocene  and  Miocene. 
In  the  latter  formation  272  species  have  been  discovered  ;  but  the  116 
species  in  the  Eocene  form  a  larger  proportion  of  the  total  vegetation 
of  the  period. 

True  dicotyledons  appear  very  much  later,  in  the  Cretaceous 
period,  and  only  in  its  upper  division,  if  we  except  a  single  species 
from  the  Urgonian  beds  of  Greenland.  The  remarkable  thing  is  that 
we  here  find  the  sub-class  fully  developed  and  in  great  luxuriance  of 
types,  all  the  three  divisions— -Apetalce,  Polypetalce^&ndi  Gamopetalce — 
being  represented,  with  a  total  of  no  less  than  770  species.  Among 
them  are  such  familiar  forms  as  the  poplar,  the  birch,  the  beech,  the 
sycamore,  and  the  oak;  as  well  as  the  fig,  the  true  laurel,  the  sassafras, 
the  persimmon,  the  maple,  the  walnut,  the  magnolia,  and  even  the 
apple  and  the  plum  tribes.  Passing  on  to  the  Tertiary  period  the 
numbers  increase  till  they  reach  their  maximum  in  the  Miocene, 
where  more  than  2,000  species  of  dicotyledons  have  been  discovered. 
Among  these  the  proportionate  number  of  the  higher  gamopetalse  has 
slightly  increased,  but  is  considernblv  less  than  at  the  present  dav, 
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Possible  Cause  of  sudden  late  Appearance   of  Exogens. 

The  sudden  appearance  of  fully  developed  exogenous  flowering 
plants  in  the  Cretaceous  period  is  very  analogous  to  the  equally 
sudden  appearance  of  all  the  chief  types  of  placental  mammalia  in  the 
Eocene ;  and  in  both  cases  we  must  feel  sure  that  this  suddenness  is 
only  apparent,  due  to  unknown  conditions  which  have  prevented  their 
preservation  (or  their  discovery)  in  earlier  formations.  The  case  of 
the  dicotyledonous  plants  is  in  some  respects  the  most  extraordinary, 
because  in  the  earlier  Mesozoic  formations  we  appear  to  have  a  fair 
representation  of  the  flora  of  the  period,  including  such  varied  forms 
as  ferns,  equisetums,  cycads,  conifers,  and  monocotyledons.  The 
only  hint  at  an  explanation  of  this  anomaly  has  been  given  by  Mr. 
Ball,  who  supposes  that  all  these  groups  inhabited  the  lowlands, 
where  there  was  not  only  excessive  heat  and  moisture,  but  also  a 
superabundance  of  carbonic  acid  in  the  atmosphere  —  conditions 
tinder  which  these  groups  had  been  developed,  but  which  were  prej- 
udicial to  the  dicotyledons.  These  latter  are  supposed  to  have 
originated  on  the  high  tablelands  and  mountain-ranges,  in  a  rarer 
and  drier  atmosphere  in  which  the  quantity  of  carbonic  acid  gas  was 
much  less  ;  and  any  deposits  formed  in  lake-beds  at  high  altitudes 
and  at  such  a  remote  epoch  have  been  destroyed  by  denudation,  and 
hence  we  have  no  record  of  their  existence.* 

During  a  few  weeks  spent  recently  in  the  Rocky  Mountains,  I  was 
struck  by  the  great  scarcity  of  monocotyledons  and  ferns  in  com- 
parison with  dicotyledons, —  a  scarcity  due  apparently  to  the  dryness 
and  rarity  of  the  atmosphere  favoring  the  higher  groups.  If  we  com- 
pare Coulter's  Rocky  Mountain  Botany  with  Gray's  Botany  of  the, 
Northern  (East)  United  States,vfe  have  two  areas  which  differ  chiefly 
in  the  points  of  altitude  and  atmospheric  moisture.  Unfortunately,  in 
neither  of  these  works  are  the  species  consecutively  numbered ;  but 
by  taking  the  pages  occupied  by  the  two  divisions  of  dicotyledons  on 
the  one  hand,  and  monocotyledons  and  ferns  on  the  other,  we  can 
obtain  a  good  approximation.  In  this  way  we  find  that  the  flora  of  the 
Northeastern  States  the  monocotyledons  and  ferns  are  to  the  dicotyle- 
dons in  the  proportion  of  45  to  100 ;  in  the  Rocky  Mountains  they  are 
in  the  proportion  of  only  34  to  100 ;  while  if  we  take  an  exclusively  Alpine 
flora,  as  given  by  Mr.  Ball,  there  are  not  one  fifth  as  many  monocoty- 
ledons as  dicotyledons.  These  facts  show  that  even  at  the  present 
day  elevated  plateaus  and  mountains  are  more  favorable  to  dicotyle- 
dons than  to  monocotyledons,  and  we  may,  therefore,  well  suppose 
that  the  former  originated  within  such  elevated  areas,  and  were  for 
long  ages  confined  to  them.  It  is  interesting  to  note  that  their  richest 
early  remains  have  been  found  in  the  central  regions  of  the  North 
American  continent,  where  they  now,  proportionally,  most  abound,  and 
where  the  conditions  of  altitude  and  a  djy  atmosphere  were  probably 
present  at  a  very  early  period. 

The  diagram  (Fig.  34),  slightly  modified  from  one  given  by  Mr. 
Ward,  will  illustrate  our  present  knowledge  of  the  development  of  the 
vegetable  kingdom  in  geological  time.  The  shaded  vertical  bands 
exhibit  the  proportions  of  the  fossil-forms  actually  discovered,  while 
the  outline  extensions  are  intended  to  show  what  we  may  fairly  pre- 
sume to  have  been  the  approximate  periods  of  origin,  and  progressive 

*  "On  the  Origin  of  the  Flora  of  the  European  Alps."  Proc.  Royal  Geog.  Society. 
vol.  i.  (1879),  pp.  564-.W. 
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increase  of  the  number  of  species,  of  the  chief  divisions  of  the  vege- 
table kingdom.  These  seem  to  accord  fairly  well  with  their  respective 
grades  of  development,  and  thus  offer  no  obstacle  to  the  acceptance  oi 
the  belief  in  their  progressive  evolution. 

Geological  Distribution  of  Insects. 

The  marvelous  development  of  insects  into  such  an  endless  variety 
of  forms,  their  extreme  specialization,  and  their  adaptation  to  almost 


every  possible  condition  of  life,  would  almost  necessarily  imply  au 
extreme  antiquity.  Owing,  however,  to  their  small  size,  their  lightness, 
and  their  usually  aerial  habits,  no  class  of  animals  has  been  so  scantily 
preserved  in  the  rocks ;  and  it  is  only  recently  that  the  whole  of  the 
scattered  material  relating  to  fossil  insects  and  their  allies  have  been 
brought  together  by  Mr.  Samuel  H.  Scudder,  of  Boston,  and  we  have 
thus  learned  their  bearing  on  the  theory  of  evolution.* 

*  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including 
Myriapods  and  Arachnids  (Bull,  of  U.  S.  Geol.  Survey,  No.  31,  Washington,  1886). 
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The  most  striking  fact  that  presents  itself  on  a  glance  at  the  di«» 
tribution  of  fossil  insects  is  the  completeness  of  the  representation  ol 
all  the  chief  types  far  back  in  the  Secondary  period,  at  which  time 
many  of  the  existing  families  appear  to  have  been  perfectly  differen- 
tiated. Thus  in  the  Lias  we  find  dragonflies  "apparently  as  highly 
specialized  as  today,  no  less  than  four  tribes  being  present.''  Of 
beetles  we  have  undoubted  Curculionidue  from  the  Lias  and  Trias : 
Ghrysomelidce  in  the  same  deposits ;  Cerambycidce  in  the  Oolites ; 
Scarabceidce  in  the  Lias  ;  Buprestidoe  in  the  Trias ;  JZlateridoe,  Trogo- 
sitidfje,  and  Nitidulidce  in  the  Lias  ;  Staphylinidce  in  the  English  Pur- 
becks  ;  while  Ifydrophilidce,  Gyrinidce,  and  Carabidce  occur  in  the 
Lias.  All  these  forms  are  well  represented,  but  there  are  many  other 
families  doubtfully  identified  in  equally  ancient  rocks.  Diptera  of  the 
families  JSmpidce,  Asilidce,  and  Tipulidce  have  been  found  as  far  back  as 
the  Lias.  Of  Lepidoptera,  Sphingidve  and  Tineidce  have  been  found 
in  the  Oolite ;  while  ants,  representing  the  highly  specialized  Hymen- 
optera,  have  occurred  in  the  Purbeck  and  Lias. 

This  remarkable  identity  of  the  families  of  very  ancient  with  those 
of  existing  insects  is  quite  comparable  with  the  apparently  sudden 
appearance  of  existing  genera  of  trees  in  the  Cretaceous  epoch.  In 
both  cases  we  feel  certain  that  we  must  go  very  much  further  back  in 
order  to  find  the  ancestral  forms  from  which  they  were  developed,  and 
that  at  any  moment  some  fresh  discovery  may  revolutionize  our  ideas 
as  to  the  antiquity  of  certain  groups.  Such  a  discovery  was  made 
while  Mr.  Scudder's  work  was  passing  through  the  press.  Up  to  that 
date  all  the  existing  orders  of  true  insects  appearad  to  have  originated 
in  the  Trias,  the  alleged  moth  and  beetle  of  the  Coal  formation  having 
been  incorrectly  determined.  But  now,  undoubted  remains  of  beetles 
have  been  found  in  the  Coal  measures  of  Silesia,  thus  supporting  the 
interpretation  of  the  borings  in  carboniferous  trees  as  having  been 
made  by  insects  of  this  order,  and  carrying  back  this  highly  specialized 
form  of  insect-life  well  into  Palaeozoic  times.  Such  a  discovery  renders 
all  speculation  as  to  the  origin  of  true  insects  premature,  because  we 
may  feel  sure  that  all  the  other  orders  of  insects,  except  perhaps 
hymenoptera  and  lepidoptera,  were  contemporaneous  with  the  highly 
specialized  beetles. 

The  less  highly  organized  terrestrial  arthropoda — the  Arachnida 
and  Myriapoda — are,  as  might  be  expected,  much  more  ancient.  A 
fossil  spider  has  been  found  in  the  Carboniferous,  and  scorpions  in  the 
Upper  Silurian  rocks  of  Scotland,  Sweden,  and  the  United  States. 
Myriapoda  have  been  found  abundantly  in  the  Carboniferous  and 
Devonian  formations ;  but  all  are  of  extinct  orders,  exhibiting  a  more 
generalized  structure  than  living  forms. 

Much  more  extraordinary,  however,  is  the  presence  in  the  palaeozoic 
formations  of  ancestral  forms  of  true  insects,  termed  by  Mr.  Seudder 
Palaeodictyoptera.  They  consist  of  generalized  cockroaches  and 
walking-stick  insects  ( Orthopteroidea) ;  ancient  mayflies  and  allied 
forms,  of  which  there  are  six  families  and  more  than  thirty  genera 
(Neuropteroidea)  \  three  genera  of  JTemipteroidea  resembling  various 
Homoptera  and  ffemiptera,  mostly  from  the  Carboniferous  formation, 
a  few  from  the  Devonian,  and  one  ancestral  cockroach  (Palccoblattina) 
from  the  Middle  Silurian  sandstone  of  France.  If  this  occurrence  of  a 
true  hexapod  insect  from  the  Middle  Silurian  be  really  established, 
taken  in  connection  with  the  well-defined  Coleoptera  from  the  Carbonif- 
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erous,  the  origin  of  the  entire  group  of  terrestrial  arthropoda  is 
necessarily  thrown  back  into  the  Cambrian  epoch,  if  not  earlier.  And 
this  can  not  be  considered  improbable  in  view  of  the  highly  differen- 
tiated land-plants — ferns,  equisetums,  and  lycopods — in  the  Middle  or 
Lower  Silurian,  and  even  a  conifer  (Cordaites  Robbii)  in  the  Upper 
Silurian ;  while  the  beds  of  graphite  in  the  Laurentian  were  probably 
formed  from  terrestrial  vegetation. 

On  the  whole,  then,  we  may  affirm  that,  although  the  geological 
record  of  the  insect-life  of  the  earth  is  exceptionally  imperfect,  it  yet 
decidedly  supports  the  evolution-hypothesis.  The  most  specialized 
order,  Lepidoptera.  is  the  most  recent,  only  dating  back  to  the  Oolite ; 
the  Hymenoptera,  Diptera,  and  Homoptera  go  as  far  as  the  Lias ;  while 
the  Orthoptera  and  Neuroptera  extend  to  the  Trias.  The  recent  dis- 
covery of  Coleoptera  in  the  Carboniferous  shows,  however,  that  the 
preceding  limits  are  not  absolute,  and  will  probably  soon  be  overpassed. 
On'y  the  more  generalized  ancestral  forms  of  winged  insects  have  been 
traced  back  to  Silurian  time,  and  along  with  them  the  less  highly 
organized  scorpions, —  facts  which  serve  to  show  us  the  extreme  imper- 
fection of  our  knowledge,  and  indicate  possibilities  of  a  world  of 
terrestrial  life  in  the  remotest  Palaeozoic  times. 

Geological  Succession  of  Vertebrata. 

The  lowest  forms  of  vertebrates  are  the  fishes,  and  these  appear 
first  in  the  geological  record  in  the  Upper  Silurian  formation.  The 
most  ancient  known  fish  is  a  -Pteraspis,  one  of  the  bucklered  ganoids 
or  plated  fishes — by  no  means  a  very  low  type — allied  to  the  sturgeon 
{Acclpenser)  and  alligator-gar  (Lepidosteus),  but,  as  a  group,  now 
nearly  extinct.  Almost  equally  ancient  are  the  sharks,  which  under 
various  forms  still  abound  in  our  seas.  We  can  not  suppose  these  to 
be  nearly  the  earliest  fishes,  especially  as  the  two  lowest  orders,  now 
represented  by  the  Amphioxus  or  lancelet  and  the  lampreys,  have  not 
yet  been  found  fossil.  The  ganoids  were  greatly  developed  in  the 
Devonian  era,  and  continued  till  the  Cretaceous,  when  they  gave  way 
to  the  true  osseous  fishes,  which  had  first  disappeared  in  the  Jurassic 
period,  and  have  continued  to  increase  till  the  present  day.  This 
much  later  appearance  of  the  higher  osseous  fishes  is  quite  in  accord- 
ance with  evolution,  although  some  of  the  very  lowest  forms,  the  lance- 
let  and  the  lampreys,  together  with  the  archaic  ceratodus,  have  survived 
V>  our  time. 

The  amphibia,  represented  by  the  extinct  labyrinthodons,  appear 
first  in  the  Carboniferous  rocks,  and  these  peculiar  forms  became 
extinct  early  in  the  Secondary  period.  The  labyrinthodons  were, 
however,  highly  specialized,  and  do  not  at  all  indicate  the  origin  of  the 
class,  which  may  be  as  ancient  as  the  lower  forms  of  fishes.  Hardly 
any  recognizable  remains  of  our  existing  groups — the  frogs,  toads,  and 
salamanders — are  found  before  the  Tertiary  period,  a  fact  which  indi- 
cates the  extreme  imperfection  of  the  record  as  regards  this  class  of 
animals. 

True  reptiles  have  not  been  found  till  we  reach  the  Permian,  where 
Prohatteria  and  Proterosaurus  occur,  the  former  allied  to  the  lizard-like 
Sphenodon  of  New  Zealand,  the  latter  having  its  nearest  allies  in  the 
same  group  of  reptiles — Rhyncocephala,  other  forms  of  which  occur  in 
the  Trias.  In  this  last-named  formation  the  earliest  crocodiles — 
Phytosaurus  (Belodon)  and  Stncfonolepis  occur,  as  well  as  the  earliest 
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tortoises — Chelytherium,  Proganochelys,  and  Psephoderma.*  Fossil 
serpents  have  been  first  found  in  the  Cretaceous  formation,  but 
the  conditions  for  the  preservation  of  these  forms  have  evidently 
been  unfavorable,  and  the  record  is  correspondingly  incomplete.  The 
marine  Plesiosauri  and  Ichthyosauri,  the  flying  Pterodactyles,  the 
terrestrial  Iguanodon  of  Europe,  and  the  huge  Atlantosaurus  of 
Colorado — the  largest  land-animal  that  has  ever  lived  upon  the 
earthf — all  belong  to  special  developments  of  the  reptilian  type  which 
flourished  during  the  Secondary  epoch,  and  then  became  extinct. 

Birds  are  among  the  rarest  of  fossils,  due,  no  doubt,  to  their  aerial 
habits  removing  them  from  the  ordinary  dangers  of  flood,  bog,  or  ice, 
which  overwhelm  mammals  and  reptiles,  and  also  to  their  small 
specific  gravity,  which  keeps  them  floating  on  the  surface  of  the  water 
till  devoured.  Their  remains  were  long  confined  to  Tertiary  deposits, 
where  many  living  genera  and  a  few  extinct  forms  have  been  found. 
The  only  birds  yet  known  from  the  older  rocks  are  the  toothed  birds 
(Odontornithes)  of  the  Cretaceous  beds  of  the  United  States,  belong- 
ing to  two  distinct  families  and  many  genera ;  a  penguin-like  form 
(Enaliornis)  from  the  Upper  Greensand  of  Cambridge ;  and  the  well- 
known  long-tailed  Archseopteryx  from  the  Upper  Oolite  of  Bavaria. 
The  record  is  thus  imperfect  and  fragmentary  in  the  extreme;  but  it 
yet  shows  us,  in  the  few  birds  discovered  in  the  older  rocks,  more 
primitive  and  generalized  types,  while  the  Tertiary  birds  had  already 
become  specialized  like  those  living,  and  had  lost  both  the  teeth 
and  the  long  vertebral  tail,  which  indicate  reptilian  affinities  in  the 
earlier  ages. 

Mammalia  have  been  found,  as  already  stated,  as  far  back  as  the 
Trias  formation,  in  Europe,  in  the  United  States,  and  in  South  Africa, 
all  being  very  small,  and  belonging  either  to  the  Marsupial  order  or 
to  some  still  lower  and  more  generalized  type,  out  of  which  both 
Marsupials  and  Insectivora  were  developed.  Other  allied  forms  have 
been  found  in  the  Lower  and  Upper  Oolite  both  of  Europe  and  the 
United  States.  But  there  is  then  a  great  gap  in  the  whole  Cretaceous 
formation,  from  which  no  mammal  has  been  obtained,  although  both 
in  the  Wealden  and  the  Upper  Chalk  in  Europe  and  in  the  Upper 
Cretaceous  deposits  of  the  United  States  an  abundant  and  well- 
preserved  terrestrial  flora  has  been  discovered.  Why  no  mammals 
have  left  their  remains  here  it  is  impossible  to  say.  We  can  only 
suppose  that  the  limited  areas  in  which  land-plants  have  been  so 
abundantly  preserved  did  not  present  the  conditions  which  are  needed 
for  the  fossilization  and  preservation  of  mammalian  remains. 

When  we  come  to  the  Tertiary  formation  we  find  mammals  in 
abundance ;  but  a  wonderful  change  has  taken  place.  The  obscure 
early  types  have  disappeared,  and  we  discover  in  their  place  a  whole 
series  of  forms  belonging  to  existing  orders,  and  even  sometimes 
to  existing  families.  Thus,  in  the  Eocene  we  have  remains  of  the 
opossum  family ;  bats  apparently  belonging  to  living  genera ;  rodents 
allied  to  the  South  American  cavies  and  to  dormice  and  squirrels ; 
hoofed  animals  belonging  to  the  odd-toed  and  even-toed  groups ;  and 

*  For  the  facts  as  to  the  early  appearance  of  the  above-named  groups  of  rep- 
tiles I  am  indebted  to  Mr.  R.  Lydekker  of  the  Geological  Department  of  the 
Natural  History  Museum. 

t  According  to  Professor  Marsh  this  creature  was  50  or  60  feet  long,  and  when 
erect  at  least  30  feet  in  height.  It  fed  upon  the  foliage  of  the  mountain  forests 
of  tfce  Cretaceous  epoch,  the  remains  of  which  are  preserved  with  it, 
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ancestral  forms  of  cats,  civets,  dogs,  with  a  number  of  more  generalized 
forms  of  carnivora.  Besides  these  there  are  whales,  lemurs,  and  many 
strange  ancestral  forms  *-*  proboscidea.* 

The  great  diversity  of  forms  and  structures  at  so  remote  an  epoch 
would  require  for  their  development  an  amount  of  time,  which, 
judging  by  the  changes  that  have  occurred  in  other  groups,  would 
carry  us  back  far  into  the  Mesozoic  period.  In  order  to  understand 
why  we  have  no  record  of  these  changes  in  any  part  of  the  world,  we 
must  fall  back  upon  some  such  supposition  as  we  made  in  the  case  of 
the  dicotyledonous  plants.  Perhaps,  indeed,  the  two  cases  are  really 
connected,  and  the  upland  regions  of  the  primeval  world,  wnich  saw 
the  development  of  our  higher  vegetation,  may  have  also  afforded  the 
theater  for  the  gradual  development  of  the  varied  mammalian  types 
which  surprise  us  by  their  sudden  appearance  in  Tertiary  times. 
GEOLOGICAL  DISTRIBUTION  OF  MAMMALIA. 
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Notwithstanding  these  irregularities  and  gaps  in  the  record,  the 
accompanying  table,  summarizing  our  actual  knowledge  of  the  geo- 
logical distribution  of  the  five  classes  of  vertebrata,  exhibits  a  steady 
progression  from  lower  to  higher  types,  excepting  only  the  deficiency 
in  the  bird-record  which  is  easily  explained.  The  comparative  per- 
fection of  type  in  which  each  of  these  classes  first  appears  renders  it 
certain  that  the  origin  of  each  and  all  of  them  must  be  sought  much 
further  back  than  any  records  which  have  yet  been  discovered.  The 
researches  of  palaeontologists  and  embryologists  indicate  a  reptilian 
origin  for  birds  and  mammals,  while  reptiles  and  amphibia  arose, 
perhaps  independently,  from  fishes. 

Concluding  Remarks. 

The  brief  review  we  have  now  taken  of  the  more  suggestive  facts 
presented  by  the  geological  succession  of  organic  forms  is  sufficient 
to  show  that  most  if  not  all  of  the  supposed  difficulties  which  it  pre- 
sents in  the  way  of  evolution  are  due  either  to  imperfections  in  the 
geological  record  itself  or  to  our  still  very  incomplete  knowledge  of 
what  is  really  recorded  in  the  earth's  crust.  We  learn,  however,  that 
just  as  discovery  progresses,  gaps,  are  filled  up  and  difficulties  dis- 
appear ;  while  in  the  case  of  many  individual  groups  we  have  already 
obtained  all  the  evidence  of  progressive  development  that  can  reason- 
ably be  expected.  We  conclude,  therefore,  that  the  geological  difficulty 
has  now  disappeared ;  and  that  this  noble  science,  when  properly 
understood,  affords  clear  and  weighty  evidence  of  evolution. 

*  For  fuller  details  see  the  author's  Geographical  Distribution  of  Animals,  and 
Heilmin's  Geographical  <nid  Geological  Distribution  <  '•'  .luimalft. 
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CHAPTER    XIV. 

FUNDAMENTAL  PEOBLEMS    IN    RELATION    TO  VARIATION    AND 

HEREDITY. 

Fundamental  difficulties  and  objections. —  Mr.  Herbert  Spencer's  factors  of 
organic  evolution. —  Disuse  and  effects  of  withdrawal  of  natural  selection. 
Supposed  effects  of  disuse  among  wild  animals. —  Difficulty  as  to  co-adapta- 
tion of  parts  by  variation  and  selection. —  Direct  action  of  the  environment. 
The  American  school  of  evolutionists. —  Origin  of  the  feet  of  the  ungulates. 
Supposed  action  of  animal  intelligence. —  Semper  on  the  direct  influence  of 
the  environment. —  Professor  Geddes's  theory  of  variation  in  plants. — Ob- 
jections to  the  theory. —  On  the  origin  of  spines. — Variation  and  selection 
overpower  the  effects  of  use  and  disuse. —  Supposed  action  of  the  environ 
ment  in  imitating  variations. — Weismann's  theory  of  heredity. —  The  cause 
of  variation. —  The  noi .-heredity  of  acquired  characters. —  The  theory  of 
instinct. —  Concluding  remarks. 

Having  now  set  forth  and  illustrated  at  some  length  the  most 
important  of  the  applications  of  the  development-hypothesis  in  the 
explanation  of  the  broader  and  more  generally  interesting  phenomena 
presented  by  the  organic  world,  we  propose  to  discuss  some  of  the 
more  fundamental  problems  and  difficulties  which  have  recently  been 
adduced  by  eminent  naturalists.  It  is  the  more  necessary  to  do  this, 
because  there  is  now  a  tendency  to  minimize  the  action  of  natural 
selection  in  the  production  of  organic  forms,  and  to  set  up  in  its  place 
certain  fundamental  principles  of  variation  or  laws  of  growth,  which 
it  is  urged  are  the  real  origiuaters  of  the  several  lines  of  development, 
and  of  most  of  the  variety  of  form  and  structure  in  the  vegetable  and 
animal  kingdoms.  These  views  have,  moreover,  be:-n  seized  upon  by 
popular  writers  to  throw  doubt  and  discredit  on  the  whole  theory  ol 
evolution,  and  especially  on  Darwin's  presentation  of  that  theory,  to 
the  bewilderment  of  the  general  public,  who  are  quite  unable  to 
decide  how  far  the  new  views,  even  if  well  established,  tend  to  subvert 
the  Darwinian  theory,  or  whether  they  are  really  more  than  sub- 
sidiary parts  of  it,  and  quite  powerless  without  it  to  produce  any 
effect  whatever. 

The  writers  whose  special  views  we  now  propose  to  consider  are : 
(1)  Mr.  Herbert  Spencer,  on  modification  of  structures  arising  from 
modification  of  functions,  as  set  forth  in  his  Factors  of  Organic 
Evolution.  (2)  Dr.  E.  D.  Cope,  who  advocates  similar  views  in 
detail,  in  his  work  entitled  The  Origin  of  the  Fittest,  and  may  be 
considered  the  head  of  a  school  of  American  naturalists  who  minimize 
the  agency  of  natural  selection.  (3)  Dr.  Karl  Semper,  who  has  especially 
studied  the  direct  influence  of  the  environment  in  the  whole  animal 
kingdom,  and  has  set  forth  his  vinws  in  a  volume  on  The  Natural 
Conditions  of  Existence  as  they  Affect  Animal  Life.  (4)  Mr.  Patrick 
Geddes,  who  urges  that  fundamental  laws  of  growth,  and  the 
antagonism  of  vegetative  and  reproductive  forces,  account  for  much 
that  has  been  imputed  to  natural  selection. 

We  will  now  endeavor  to  ascertain  what  are  the  more  important 
facts  and  arguments  adduced  by  each  of  the  above  writers,  and  how 
far  they  offer  a  substitute  for  the  action  of  natural  selection ;  having 
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done  which,  a  brief  account  will  be  given  of  the  views  of  Dr.  Aug. 
Weismaim,  whose  theory  of  heredity  will,  if  established,  strike  at 
the  very  root  of  the  arguments  of  the  first  three  of  the  writers  above 
referred  to. 

Mr.  Herbert  Spencer' *s  Factors   of  Organic   Evolution. 

Mr.  Spencer,  while  fully  recognizing  the  importance  arid  wide 
range  of  the  principle  of  natural  selection,  thinks  that  sufficient 
weight  has  not  been  given  to  the  effects  of  use  and  disuse  as  a  factor 
in  evolution,  or  to  the  direct  action  of  the  environment  in  determining 
or  modifying  organic  structures.  As  examples  of  the  former  class  of 
actions  he  adduces  the  decreased  size  of  the  jaws  in  the  civilized  races 
of  mankind,  the  inheritance  of  nervous  disease  produced  by  overwork, 
the  great  and  inherited  development  of  the  udders  in  cows  and  goats, 
and  the  shortened  legs,  jaws,  and  snout  in  improved  races  of  pigs  — 
the  two  latter  examples  being  quoted  from  Mr.  Darwin, —  and  other 
cases  of  like  nature.  As  examples  of  the  latter,  Mr.  Darwin  is  again 
quoted  as  admitting  that  there  are  many  cases  in  which  the  action  of 
similar  conditions  appears  to  have  produced  corresponding  changes 
in  different  species ;  and  we  have  a  very  elaborate  discussion  of  the 
direct  action  of  the  medium  in  modifying  the  protoplasm  of  simple 
organisms,  so  as  to  bring  about  the  difference  between  the  outer 
surface  and  the  inner  part  that  characterizes  the  cells  or  other  units 
of  which  they  are  formed. 

Now,  although  this  essay  did  little  more  than  bring  together  facts 
which  had  been  already  adduced  by  Mr.  Darwin  or  by  Mr.  Spencer 
himself,  and  lay  stress  upon  their  importance,  its  publication  in  a 
popular  review  was  immediately  seized  upon  as  "an  avowed  and 
definite  declaration  against  some  of  the  leading  ideas  on  which  the 
Mechanical  Philosophy  depends,"  and  as  being  "fatal  to  the  adequacy 
of  the  Mechanical  Philosophy  as  any  explanation  of  organic  evolu- 
tion,"*—  an  expression  of  opinion  which  would  be  repudiated  by 
every  Darwinian.  For,  even  admitting  the  interpretation  which  Mr. 
Spencer  puts  on  the  facts  he  adduces,  they  are  all  included  in  the 
causes  which  Darwin  himself  organized  as  having  acted  in  bringing 
about  the  infinitude  of  forms  in  the  organic  world.  In  the  concluding 
chapter  of  The  Origin  of  Species  he  says:  "I  have  now  recapitulated 
the  facts  and  considerations  which  have  thoroughly  convinced  me 
that  species  have  been  modified  during  a  long  course  of  descent.  This 
has  been  effected  chiefly  through  the  natural  selection  of  numerous 
successive,  slight,  favorable  variations ;  aided  in  an  important  manner 
by  the  inherited  effects  of  the  use  and  disuse  of  parts ;  and  in  an 
unimportant  manner  —  that  is,  in  relation  to  adaptive  structures 
whether  past  or  present,  by  the  direct  action  of  external  conditions, 
and  by  variations  which  seem  to  us,  in  our  ignorance,  to  arise 
spontaneously."  This  passage,  summarizing  Darwin's  whole  inquiry, 
and  explaining  his  final  point  of  view,  shows  how  very  inaccurate 
may  be  the  popular  notion,  as  expressed  by  the  Duke  of  Argyll,  of 
any  supposed  additions  to  the  causes  of  change  of  species  as  recognized 
by  Darwin. 

But,  as  we  shall  see  presently,  there  is  now  much  reason  to  believe 
that  t,ho  supposed  inheritance  of  acquired  modification — that  is,  of  the 
effects  of  use  rmd  disuse,  or  of  the  direct  influence  of  the  environment — 

*  See  the  Duke  of  Argyll's  letter  in  Nature,  vol.  xxxiv.  p.  336. 
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is  not  a  fact ;  and  if  so,  the  very  foundation  is  taken  away  from  the  whole 
class  of  objections  on  which  so  much  stress  is  now  laid.  It  therefore 
becomes  important  to  inquire  whether  the  facts  adduced  by  Darwin, 
Spencer,  and  others,  do  really  necessitate  such  inheritance,  or  whether 
any  other  interpretation  of  them  is  possible.  I  believe  there  is  such 
an  interpretation ;  and  we  will  first  consider  the  cases  of  disuse,  on 
which  Mr.  Spencer  lays  most  stress. 

The  cases  Mr.  Spencer  adduces  as  demonstrating  the  effects  of 
disuse  in  diminishing  the  size  and  strength  of  organs  are,  the  dimin- 
ished size  of  the  jaws  in  the  races  of  civilized  men,  and  the  diminution 
of  the  muscles  used  in  closing  the  jaws  in  the  case  of  pet-dogs  fed  for 
generations  on  soft  food.  He  argues  that  the  minute  reduction  in  any 
one  generation  could  not  possibly  have  been  useful,  and,  therefore, 
not  the  subject  of  natural  selection ;  and  against  the  theory  of  correla- 
tion of  the  diminished  jaw  with  increased  brain  in  man,  he  urges  that 
there  are  cases  of  large  brain-development,  accompanied  by  jaws  above 
the  average  size.  Against  the  theory  of  economy  of  nutrition  in  the 
case  of  the  pet-dogs,  he  places  the  abundant  food  of  these  animals 
which  would  render  such  economy  needless. 

But  neither  he  nor  Mr.  Darwin  has  considered  the  effects  of  the 
withdrawal  of  the  action  of  natural  selection  in  keeping  up  the  parts 
in  question  to  their  full  dimensions,  which,  of  itself,  seems  to  me  quite 
adequate  to  produce  the  results  observed.  Recurring  to  the  evidence 
adduced  in  Chapter  III.  of  the  constant  variation  occurring  in  all  parts 
of  the  organism,  while  selection  is  constantly  acting  on  these  variations 
in  eliminating  all  that  fall  below  the  best  working  standard,  and  pre- 
serving only  those  that  are  fully  up  to  it ;  and,  remembering  further, 
that,  of  the  whole  number  of  the  increase  produced  annually,  only  a 
small  percentage  of  the  best-adapted  can  be  preserved,  we  shall  see 
that  every  useful  organ  will  be  kept  up  nearly  to  its  higher  limit  of 
size  and  efficiency.  Now  Mr.  Galton  has  proved  experimentally  that, 
when  any  part  has  thus  been  increased  (or  diminished)  by  selection, 
there  is  in  the  offspring  a  strong  tendency  to  revert  to  a  mean  or 
average  size,  which  tends  to  check  further  increase.  And  this  mean 
appears  to  be,  not  the  mean  of  the  actual  existing  individuals  but  a  lower 
mean,  or  that  from  which  they  had  been  recently  raised  by  selection.* 
He  calls  this  the  law  of  "Regression  toward  Mediocrity,  "and  it  has  been 
proved  by  experiments  with  vegetables  and  by  observations  on  man- 
kind. This  regression,  in  every  generation,  takes  place  even  when 
both  parents  have  been  selected  for  their  high  development  of  the 
organ  in  question  ;  but  when  there  is  no  such  selection,  and  crosses 
are  allowed  among  individuals  of  every  grade  of  development,  the 
deterioration  will  be  very  rapid  ;  and  after  a  time  -not  only  will  the 
average  size  of  the  part  be  greatly  reduced,  but  the  instances  of  full 
development  will  become  very  rare.  Thus  what  Weismann  terms 
"  panmixia,"  or  free  intercrossing,  will  co-operate  with  Galton's  law  of 
"regression  toward  mediocrity,"  and  the  result  will  be  that,  whenever 
selection  ceases  to  act  on  any  part  or  organ  which  has  heretofore  been 
kept  up  to  a  maximum  of  size  and  efficiency,  the  organ  in  question  will 
rapidly  decrease  till  it  reaches  a  mean  value  considerably  below  the 
meau  of  the  progeny  that  has  usually  been  produced  each  year,  and  very 
greatly  below  the  mean  of  that  portion  which  has  survived  annually; 
and  this  will  take  place  by  the  general  law  of  heredity,  and  quite 

*  Journal  of  the  Anthropological  Institute,  vol.  xv.  pp.  246-260. 
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irrespective  of  any  use  or  disuse  of  the  part  in  question.  Now,  no 
observations  have  been  adduced  by  Mr.  Spencer  or  others,  showing 
that  the  average  amount  of  change  supposed  to  be  due  to  disuse  is 
greater  than  that  due  to  the  law  of  regression  toward  mediocrity; 
while  even  if  it  were  somewhat  greater,  we  can  see  many  possible  con- 
tributory causes  to  its  production.  In  the  case  of  civilized  man's  dimin- 
ished jaw,  there  may  well  be  some  correlation  between  the  jaw  and  the 
brain,  seeing  that  increased  mental  activity  would  lead  to  the  with- 
drawal of  blood  and  of  nervous  energy  from  adjacent  parts,  and  might 
thus  lead  to  diminished  growth  of  those  parts  in  the  individual.  And 
in  the  case  of  pet-dogs,  the  selection  of  small  or  short-headed  individ- 
uals would  imply  the  unconscious  selection  of  those  with  less  massive 
temporal  muscles,  and  thus  lead  to  the  concomitant  reduction  of  those 
muscles.  The  amount  of  reduction  observed  by  Darwin  in  the  wing- 
bones  of  domestic  ducks  and  poultry,  and  in  the  hind-legs  of  tame 
rabbits,  is  very  small,  and  is  certainly  no  greater  than  the  above  causes 
will  well  account  for ;  while  so  many  of  the  external  characters  of  all 
our  domestic  animals  have  been  subject  to  long-continued  artificial 
selection,  and  we  are  so  ignorant  of  the  possible  correlations  of  differ- 
ent parts  that  the  phenomena  presented  by  them  seem  sufficiently 
explained  without  recurrence  to  the  assumption  that  any  changes  in 
the  individual,  due  to  disuse,  are  inhei'ited  by  the  offspring. 

/Supposed  Effects  of  Disuse  among  Wild  Animals. 
It  may  be  urged,  however,  that  among  wild  animals  we  have  many 
undoubted  results  of  disuse  much  more  pronounced  than  those  among 
domestic  kinds, —  results  which  can  not  be  explained  by  the  causes 
already  adduced.  Such  are  the  reduced  size  of  the  wings  of  many 
birds  on  oceanic  islands ;  the  abortion  of  the  eyes  in  many  cave-animals, 
and  in  some  which  live  under-ground ;  and  the  loss  of  hind-limbs  in 
whales  and  in  some  lizards.  These  cases  differ  greatly  in  the  amount 
of  the  reduction  of  parts  which  has  taken  place,  and  may  be  due  to 
different  causes.  It  is  remarkable  that  in  some  of  the  birds  of  oceanic 
islands  the  reduction  is  little  if  any  greater  than  in  domestic  birds,  as 
in  the  water-hen  of  Tristan  d'Acunha.  Now  if  the  reduction  of  wing 
were  due  to  the  hereditary  effects  of  disuse,  we  should  expect  a  very 
much  greater  effect  in  a  bird  inhabiting  an  oceanic  island  than  in  a 
domestic  bird,  where  the  disuse  has  been  in  action  for  an  indefinitely 
shorter  period.  In  the  case  of  many  other  birds,  however, —  as  some 
of  the  New  Zealand  rails  and  the  extinct  dodo  of  Mauritius, —  the  wings 
have  been  reduced  to  a  much  more  rudimentary  condition,  though  it 
is  still  obvious  that  they  were  once  organs  of  flight ;  and  in  tkese 
cases  we  certainly  require  some  other  causes  than  those  which  have 
reduced  the  wings  of  our  domestic  fowls.  One  such  cause  may  have 
been  of  the  same  nature  as  that  which  has  been  so  efficient  in  reducing 
the  wings  of  the  insects  of  oceanic  islands — the  destraction  of  those 
which,  during  the  occasional  use  of  their  wings,  were  carried  out  to  sea. 
This  form  of  natural  selection  may  well  have  acted  in  the  case  of  birds 
whose  powers  of  flight  were  already  somewhat  reduced,  and  to  whom, 
there  being  no  enemies  to  escape  from,  their  use  was  only  a  source  of 
danger.  We  may  thus,  perhaps,  account  for  the  fact  that  many  of 
these  birds  retain  small  but  useless  wings,  with  which  they  never  fly ; 
for,  the  wings  having  been  reduced  to  this  functionless  condition,  no 
power  could  reduce  them  further  except  correlation  of  growth  or 
economv  of  nutrition,  causes  which  only  rarely  come  into  play, 
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The  complete  loss  of  eyes  in  some  cave-animals  may,  perhaps,  be 
explained  in  a  somewhat  similar  way.  Whenever,  owing  to  the  total 
darkness,  they  became  useless,  they  might  also  become  injurious,  on 
account  of  their  delicacy  of  organization  and  liability  to  accidents  and 
disease  ;  in  which  case  natural  selection  would  begin  to  act  to  reduce, 
and  finally  abort  them  ;  and  this  explains  why,  in  some  cases,  the  rudi- 
mentary eye  remains,  although  completely  covered  by  a  protective 
outer  skin.  Whales,  like  moas  and  cassowaries,  carry  us  back  to  a 
remote  past,  of  whose  conditions  we  know  too  little  for  safe  specula- 
tion. We  are  quite  ignorant  of  the  ancestral  forms  of  either  of  these 
groups,  and  are  therefore  without  the  materials  needful  for  determining 
the  steps  by  which  the  change  took  place,  or  the  cause  which  brought 
it  about.* 

On  a  review  of  the  various  examples  that  have  been  given  by  Mr. 
Darwin  and  others  of  organs  that  have  been  reduced  or  aborted,  there 
seems  too  much  diversity  in  the  results  for  all  to  be  due  to  so  direct 
and  uniform  a  cause  as  the  individual  effects  of  disuse  accumulated  by 
heredity.  For  if  that  were  the  only  or  chief  efficient  cause,  and  a 
cause  capable  of  producing  a  decided  effect  during  the  comparatively 
short  period  of  the  existence  of  animals  in  a  state  of  domestication,  we 
should  expect  to  find  that,  in  wild  species,  all  unused  parts  or  organs 
had  been  reduced  to  the  smallest  rudiments,  or  had  wholly  disappeared. 
Instead  of  this  we  find  various  grades  of  reduction,  indicating  the 
probable  result  of  several  distinct  causes,  sometimes  acting  separately, 
sometimes  in  combination,  such  as  those  we  have  already  pointed  out. 

And  if  we  find  no  positive  evidence  of  disuse,  acting  by  its  direct 
effect  on  the  individual,  being  transmitted  to  the  offspring,  still  less 
can  we  find  such  evidence  in  the  case  of  the  use  of  organs.  For  here 
the  very  fact  of  use,  in  a  wild  state,  implies  utility,  and  utility  is  the 
constant  subject  for  the  action  of  natural  selection ;  while  among 
domestic  animals  those  parts  which  are  exceptionally  used  are  so  used 
in  the  service  of  man,  and  have  thus  become  the  subjects  of  artificial 
selection.  Thus  "the  great  inherited  development  of  the  udders  in 

*  The  idea  of  the  non-heredity  of  the  acquired  variations  was  suggested  by  the 
summary  of  Professor  Weismaim's  views,  in  Nature,  referred  to  later  on.  But 
since  this  chapter  was  written  I  have,  through  the  kindness  of  Mr.  E.  B.  Poulton, 
seen  some  of  the  proofs  of  the  forthcoming  translation  of  Weismann's  Essays  on 
Heredity,  in  which  he  sets  forth  an  explanation  very  similar  to  that  here  given. 
On  the  difficult  question  of  the  almost  entire  disappearance  of  organs,  as  in  the 
limbs  of  snakes  and  of  some  lizards,  he  adduces  "a  certain  form  of  correlation, 
which  Boux  calls  'the  struggle  of  the  parts  in  the  organism,' "  as  playing  an  im- 
portant part.  Atrophy  following  disuse  is  nearly  always  attended  by  the  corre- 
sponding increase  of  other  organs:  blind  animals  possess  more  developed  organs 
of  touch,  hearing,  and  smell;  the  loss  of  power  in  the  wings  is  accompanied  by 
increased  strength  of  the  legs,  etc.  Now  as  these  latter  characters,  being  useful, 
will  be  selected,  it  is  easy  to  understand  that  a  congenital  increase  of  these  will 
be  accompanied  by  a  corresponding  congenital  diminution  of  the  unused  organ ; 
and  in  cases  where  the  means  of  nutrition  are  deficient,  every  diminution  of  these 
parts  will  be  a  gain  to  the  whole  organism,  and  thus  their  complete  disappearance 
will,  in  some  cases,  be  brought  about  directly  by  natural  selection.  This  corre- 
sponds with  what  we  know  of  these  rudimentary  organs. 

It  must,  however,  be  pointed  out  that  the  non-heredity  of  acquired  characters 
was  maintained  by  Mr.  Francis  Galton  more  than  twelve  years  ago,  on  theoretical 
considerations  almost  identical  with  those  urged  by  Professor  Weismann;  while 
the  insufficiency  of  the  evidence  for  their  hereditary  transmission  was  shown,  by 
similar  arguments  to  those  used  above  and  in  the  work  of  Professor  Weismann 
already  referred  to.  (See  "A  Theory  of  Heredity,"  in  Journal  Anthrop.  Inst., 
vol.  i.  pp.  343-345.)  280 
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cows  and  goats,"  qnoted  by  Spencer  from  Darwin,  really  affords  no 
proof  of  inheritance  of  the  increase  due  to  use,  because,  from  the 
earliest  period  of  the  domestication  of  these  animals  abundant  milk- 
production  has  been  highly  esteemed,  aud  has  thus  been  the  subject 
of  selection  ;  while  there  are  no  cases  among  wild  animals  that  may 
not  be  better  explained  by  variation  and  natural  selection. 

Difficulty  as   to  Co-adaptation  of  farts  by   Variation  and 

Selection. 

Mr.  Spencer  again  brings  forward  this  difficulty,  as  he  did  in 
his  Principles  of  Biology  twenty-five  years  ago,  and  urges  that  all 
the  adjustments  of  bones,  muscles,  blood-vessels,  and  nerves,  which 
would  be  required  during,  for  example,  the  development  of  the  neck 
and  fore-limbs  of  the  giraffe,  could  not  have  been  effected  by  "  simul- 
taneous fortunate  spontaneous  variations."  But  this  difficulty  is  fully 
disposed  of  by  the  facts  of  simultaneous  variation  adduced  in  our  third 
chapter,  and  has  also  been  specially  considered  in  Chapter  VI.,  p.  127. 
The  best  answer  to  this  objection  may,  perhaps,  be  found  in  the  fact 
that  the  very  thing  said  to  be  impossible  by  variation  and  natural 
selection  has  been  again  and  again  effected  by  variation  and  artificial 
selection.  During  the  process  of  formation  of  such  breeds  as  the  grey- 
hound or  the  bulldog,  of  the  racehorse  and  carthorse,  of  the  fantail 
pigeon  or  the  otter-sheep,  many  co-ordinate  adjustments  have  been 
produced ;  and  no  difficulty  has  occurred,  whether  the  change  has 
been  effected  by  a  singie  variation — as  in  the  last  case  named — or  by 
slow  steps,  as  in  all  the  others.  It  seems  to  be  forgotten  that  most 
animals  have  such  a  surplus  of  vitality  and  strength  for  all  the  ordi- 
nary occasions  of  life  that  any  slight  superiority  in  one  part  can  be  at 
once  utilized ;  while  the  moment  any  want  of  balance  occurs,  variations 
in  the  insufficiently  developed  parts  will  be  selected  to  bring  back  the 
harmony  of  the  whole  organization.  The  fact  that,  in  all  domestic 
animals,  variations  do  occur,  rendering  them  swifter  or  stronger, 
larger  or  smaller,  stouter  or  slenderer,  and  that  such  variations  can  be 
separately  selected  and  accumulated  for  man's  purposes,  is  sufficient 
to  render  it  certain  that  similar  or  even  greater  changes  may  be 
effected  by  natural  selection,  which,  as  Darwin  well  remarks,  "  acts  on 
every  internal  organ,  on  every  shade  of  constitutional  difference,  on 
the  whole  machinery  of  life."  The  difficulty  as  to  co-adaptation  of 
parts  by  variation  and  natural  selection  appears  to  me,  therefore,  to 
be  a  wholly  imaginary  difficulty  which  has  no  place  whatever  in  the 
operations  of  Nature. 

Direct  Action   of  the  Environment. 

Mr.  Spencer's  last  objection  to  the  wide  scope  given  by  Darwinians 
to  the  agency  of  natural  selection  is  that  organisms  are  acted  upon  by 
the  environment,  which  produces  in  them  definite  changes,  and  that 
these  changes  in  the  individual  are  transmitted  by  inheritance,  and 
thus  become  increased  in  successive  generations.  That  such  changes 
are  produced  in  the  individual  there  is  ample  evidence,  but  that  they 
are  inherited  independently  of  any  form  of  selection  or  of  reversion  is 
exceedingly  doubtful,  and  Darwin  nowhere  expresses  himself  as  satis- 
fied with  the  evidence.  The  two  very  strongest  cases  he  mentions  are 
the  twenty-nine  species  of  American  trees  which  all  differed  in  a 
corresponding  way  from  their  nearest  European  allies  ;  and  the  Amer- 
ican maize  which  became  changed  after  three  generations  in  Europe. 

281 


292  BEACON  LIGHTS  OF  SCIENCE. 

But  in  the  case  of  the  trees  the  differences  alleged  may  be  partly 
to  correlation  with  constitutional  peculiarities  dependent  on  climate, 
especially  as  regards  the  deeper  tint  of  the  fading  leaves  and  the 
smaller  size  of  the  buds  and  seeds  in  America  than  in  Europe ;  while 
the  less  deeply-toothed  or  serrated  leaves  hi  the  American  species  are, 
in  our  present  complete  ignorance  of  the  causes  and  uses  of  serration, 
quite  as  likely  to  be  due  to  some  form  of  adaptation  as  to  any  direct 
action  of  the  climate.  Again,  we  are  not  told  how  many  of  the  allied 
species  do  not  vary  in  this  particular  manner,  and  this  is  certainly  an 
important  factor  in  any  conclusion  we  may  form  on  the  question. 

In  the  case  of  the  maize  it  appears  that  one  of  the  more  remarkable 
and  highly  selected  American  varieties  was  cultivated  in  Germany, 
and  in  three  years  nearly  all  resemblance  to  the  original  parent  was 
lost ;  and  in  the  sixth  year  it  closely  resembled  a  common  European 
variety,  but  was  of  somewhat  more  vigorous  growth.  In  this  case  no 
selection  appears  to  have  been  practiced,  and  the  effects  may  have 
been  due  to  that  "  reversion  to  mediocrity  "  which  invariably  occurs, 
and  is  more  especially  marked  in  the  case  of  varieties  which  have 
been  rapidly  produced  by  artificial  selection.  It  may  be  considered 
as  a  partial  reversion  to  the  wild  or  unimproved  stock  ;  and  the  same 
thing  would  probably  have  occurred,  though  perhaps  less  rapidly,  in 
America  itself.  As  this  is  stated  by  Darwin  to  be  the  most  remark- 
able case  known  to  him  "  of  the  direct  and  prompt  action  of  climate 
on  a  plant,"  we  must  conclude  that  such  direct  effects  have  not  been 
proved  to  be  accumulated  by  inheritance,  independently  of  reversion 
or  selection. 

The  remaining  part  of  Mr.  Spencer's  essay  is  devoted  to  a  con- 
sideration of  the  hypothetical  action  of  the  environment  on  the  lower 
organisms  which  consist  of  simple  cells  or  formless  masses  of  proto- 
plasm ;  and  he  shows  with  great  elaboration  that  the  outer  and  inner 
parts  of  these  are  necessarily  subject  to  different  conditions;  and  that 
the  outer  actions  of  air  or  water  lead  to  the  formation  of  integuments, 
and  sometimes  to  other  definite  modifications  of  the  surface,  whence 
arise  permanent  differences  of  structure.  Although  in  these  cases 
also  it  is  very  difficult  to  determine  how  much  is  due  to  direct 
modification  by  external  agencies  transmitted  and  accumulated  by 
inheritance,  and  how  much  to  spontaneous  variations  accumulated  by 
natural  selection,  the  probabilities  in  favor  of  the  former  mode  of 
action  are  here  greater,  because  there  is  no  differentiation  of  nutritive 
and  reproductive  cells  in  these  simple  organisms;  and  it  can  be 
readily  seen  that  any  change  produced  in  the  latter  will  almost  cer- 
tainly affect  the  next  generation.*  We  are  thus  carried  back  almost 
to  the  origin  of  life,  and  can  only  vaguely  speculate  on  what  took 
place  under  conditions  of  which  we  know  so  little. 

The  American  School  of  Evolutionists. 

The  tentative  views  of  Mr.  Spencer  which  we  have  just  discussed 
are  carried  much  further,  and  attempts  have  been  made  to  work  them 
out  in  great  detail  by  many  American  naturalists,  whose  best  repre- 
sentative is  Dr.  E.  D.  Cope,  of  Philadelphia,  f  This  school  endeavors 

*  This  explanation  is  derived  from  Weismanu's  Theory  of  the  Continuity  of 
the  Germ-Plasm  as  summarized  in  Nature. 

t  See  a  collection  of  his  essays  under  the  title,  The  Origin  of  the  Fittest: 
Essays  on  Evolution.  D.  Appleton  &  Co. :  New  York.  1887. 
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to  explain  all  the  chief  modifications  of  form  in  the  animal  kingdom 
by  fundamental  laws  of  growth  and  the  inherited  effects  of  use  and 
effort, —  returning,  in  fact,  to  the  teachings  of  Lamarck  as  being  at  least 
equally  important  with  those  of  Darwin. 

The  following  extract  will  serve  to  show  the  high  position  claimed 
by  this  school  as  original  discoverers,  and  as  having  made  important 
additions  to  the  theory  of  evolution: — 

"  Wallace  and  Darwin  have  propounded  as  the  cause  of  modification 
in  descent  their  law  of  natural  selection.  This  law  has  been  epit- 
omized by  Spencer  as  the  'survival  of  the  fittest.'  This  neat 
expression  no  doubt  covers  the  case,  but  it  leaves  the  origin  of  the 
fittest  entirely  untouched.  Darwin  assumes  a  'tendency  to  variation' 
in  Nature,  and  it  is  plainly  necessary  to  do  this  in  order  that  materials 
for  the  exercise  of  a  selection  should  exist.  Darwin  and  Wallace's 
law  is  then  only  restrictive,  dii-ective,  conservative,  or  destructive  of 
something  already  created.  I  propose,  then,  to  seek  for  the  originative 
laws  by  which  these  subjects  are  furnished;  in  other  words,  for  the 
causes  of  the  origin  of  the  fittest."* 

Mr.  Cope  lays  great  stress  on  the  existence  of  a  special  develop- 
mental force  termed  "  bathmism "  or  growth-force,  which  acts  by 
means  of  retardation  and  acceleration  "  without  any  reference  to  fit- 
ness at  all";  that  "instead  of  being  controlled  by  fitness  it  is  the 
controller  of  fitness."  He  argues  that  "all  the  characteristics  of 
generalized  groups  from  genera  up  (excepting,  perhaps,  families)  have 
been  evolved  under  the  law  of  acceleration  and  retardation,"  com- 
bined with  some  intervention  of  natural  selection ;  and  that  specific 
characters,  or  species,  have  been  evolved  by  natural  selection  with 
some  assistance  from  the  higher  law.  He  therefore  makes  species  and 
genera  two  absolutely  distinct  things,  the  latter  not  developed  out  of 
the  former ;  generic  characters  and  specific  characters  are,  in  his 
opinion,  fundamentally  different,  and  have  had  different  origins,  and 
whole  groups  of  species  have  been  simultaneously  modified,  so  as  to 
belong  to  another  genus ;  whence  he  thinks  it  "  highly  probable  that 
the  same  specific  form  has  existed  through  a  succession  of  genera, 
and  perhaps  in  different  epochs  of  geologic  time." 

Useful  characters,  he  concludes,  have  been  produced  by  the  special 
location  of  growth-force  by  use ;  useless  ones  have  been  produced  by 
location  of  growth-force  without  the  influence  of  use.  Another  element 
which  determines  the  direction  of  growth-force,  and  which  precedes 
use,  is  effort ;  and  "  it  is  thought  that  effort  becomes  incorporated 
into  the  metaphysical  acquisitions  of  the  parent,  and  is  inherited  with 
other  metaphysical  qualities  by  the  young,  which,  during  the  period 
of  growth,  is  much  more  susceptible  to  modifying  influences,  and  is 
likely  to  exhibit  structural  change  in  con  sequence,  "f 

From  these  few  examples  of  their  teachings,  it  is  clear  that  these 
American  evolutionists  have  departed  very  widely  from  the  views  of 
Mr.  Darwin,  and  in  place  of  the  well-established  causes  and  admitted 

*  The  Origin  of  the  Fittest,  p.  174. 

t  The  Origin  of  the  Fittest,  p.  29.  It  may  be  here  noted  that  Darwin  found 
these  theories  unintelligible.  In  a  letter  to  Professor  E.  T.  Morse  in  1887,  he 
writes:  "There  is  one  point  which  I  regret  you  did  not  make  clear  in  your 
Address,  namely,  what  is  the  meaning  and  importance  of  Professors  Cope  and 
Hyatt's  views  on  acceleration  and  retardation?  I  have  endeavored,  and  given 
up  in  despair,  the  attempt  to  grasp  their  meaning."  (Life  and  Letters,  vol.  iii. 
p.  233.;» 
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laws  to  which  he  appeals  have  introduced  theoretical  conceptions 
which  have  not  yet  been  tested  by  experiments  or  facts,  as  well  as 
metaphysical  conceptions  which  are  incapable  of  proof.  And  when 
they  come  to  illustrate  these  views  by  an  appeal  to  palaeontology  or 
morphology,  we  find  that  a  far  simpler  and  more  complete  explanation 
of  the  facts  is  afforded  by  the  established  principles  of  variation  and 
natural  -selection.  The  confidence  with  which  these  new  ideas  are 
enunciated,  and  the  repeated  assertion  that  without  them  Darwinism 
is  powerless  to  explain  the  origin  of  organic  forms,  renders  it  necessary 
to  bestow  a  little  more  time  on  the  explanations  they  give  us  of 
well-known  phenomena  with  which,  they  assert,  other  theories  are 
incompetent  to  grapple. 

As  examples  of  use  producing  structural  change,  Mr.  Cope  adduces 
the  hooked  and  toothed  beaks  of  the  falcons  and  the  butcher-birds, 
and  he  argues  that  the  fact  of  these  birds  belonging  to  widely  different 
groups  proves  that  similarity  of  use  has  produced  a  similar  structural 
result.  But  no  attempt  is  made  to  show  any  direct  causal  connection 
between  the  use  of  a  bill  to  cut  or  tear  flesh  and  the  development  of 
a  tooth  on  the  mandible.  Such  use  might  conceivably  strengthen  the 
bill  or  increase  its  size,  but  not  cause  a  special  tooth-like  outgrowth 
which  was  not  present  in  the  ancestral  thrush-like  forms  of  the 
butcher-bird.  On  the  other  hand,  it  is  clear  that  any  variations  of 
the  bill  tending  toward  a  hook  or  tooth  would  give  the  possesser 
some  advantage  in  seizing  and  tearing  its  prey,  and  would  thus  be 
preserved  and  increased  by  natural  selection.  Again,  Mr.  Cope  urges 
the  effects  of  a  supposed  "law  of  polar  or  centrifugal  growth"  to 
counteract  a  tendency  to  unsymmetrical  growth,  where  one  side  of 
the  body  is  used  more  than  the  other.  But  the  undoubted  hurtfulness 
of  want  of  symmetry  in  many  important  actions  or  functions  would 
rapidly  eliminate  any  such  tendency.  When,  however,  it  has  become 
useful,  as  in  the  case  of  the  single  enlarged  claw  of  many  Crustacea, 
it  has  been  preserved  by  natural  selection. 

Origin   of  the  Feet  of  the   Ungulates. 

Perhaps  the  most  original  and  suggestive  of  Mr.  Cope's  applica- 
tions of  the  theory  of  use  and  effort  in  modifying  structure  are  his 
chapters  "  On  the  Origin  of  the  Foot-Structure  of  the  Ungulates,"  and 
that  "  On  the  Effect  of  Impacts  and  Strains  on  the  Feet  of  Mammalia'': 
and  they  will  serve  also  to  show  the  comparative  merits  of  this  theory 
and  that  of  natural  selection  hi  explaining  a  difficult  case  of  modifica- 
tion, especially  as  it  is  an  explanation  claimed  as  new  and  original 
when  first  enunciated  in  1881.  Let  us,  then,  see  how  he  deals  with 
the  problem. 

The  remarkable  progressive  change  of  a  four  or  five-toed  ancestor 
into  the  one-toed  horse,  and  the  equally  remarkable  division  of  the 
whole  group  of  ungulate  animals  into  the  odd-toed  and  even-toed 
divisions,  Mr.  Cope  attempts  to  explain  by  the  effects  of  impact  and 
use  among  animals  which  frequented  hard  or  swampy  ground  respect- 
ively. On  hard  ground,  it  is  urged,  the  long  middle  toe  would  be 
most  used  and  subjected  to  the  greatest  strains,  and  would  therefore 
acquire  both  strength  and  development.  It  would  then  be  still  more 
exclusively  used,  and  the  extra  nourishment  required  by  it  would  be 
drawn  from  the  adjacent  less-used  toes,  which  would  accordingly 
diminish  in  size,  till,  after  a  long  series  of  changes,  the  records  of 
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which  are  so  well  preserved  in  the  American  tertiary  rocks,  the  true 
one-toed  horse  was  developed.  In  soft  or  swampy  ground,  on  the 
other  hand,  the  tendency  would  be  to  spread  out  the  foot  so  that  there 
were  two  toes  on  each  side.  The  two  middle  toes  would  thus  be  most 
used  and  most  subject  to  strains,  and  wouid,  therefore,  increase  at  the 
expense  of  the  lateral  toes.  There  would  be,  no  doubt,  an  advantage 
in  these  two  functional  toes  being  of  equal  size,  so  as  to  prevent  twist- 
ing of  the  foot  while  walking ;  and  variations  tending  to  bring  this  about 
would  be  advantageous,  and  would  therefore  be  preserved.  Thus,  by 
a  parallel  series  of  changes  in  another  direction,  adapted  to  a  dis- 
tinct set  of  conditions,  we  should  arrive  at  the  symmetrical  divided 
hoofs  of  our  deer  and  cattle.  The  fact  that  sheep  and  goats  are 
specially  mountain  and  rock-loving  animals  may  be  explained  by  their 
being  a  later  modification,  since  the  divided  hoof  once  formed  is  evi- 
dently well  adapted  to  secure  a  firm  footing  on  rugged  and  precipitous 
ground,  although  it  could  hardly  have  been  first  developed  in  such 
localities.  Mr.  Cope  thus  concludes:  "Certain  it  is  that  the  length  of 
the  bones  in  the  feet  of  the  ungulate  orders  has  a  direct  relation  to 
the  dryness  of  the  ground  they  inhabit,  and  the  possibility  of  speed 
which  their  habit  permits  them  or  necessarily  imposes  on  them."  * 

If  there  is  any  truth  in  the  explanation  here  briefly  summarized,  it 
must  entirely  depend  on  the  fact  of  individual  modifications  thus  pro- 
duced being  hereditary,  and  we  yet  await  the  proof  of  this.  In  the 
mean  time  it  is  clear  that  the  very  same  results  could  have  been  brought 
about  by  variation  and  natural  selection.  For  the  toes,  like  all  other 
organs,  vary  in  size  and  proportions,  and  in  their  degree  of  union  or 
separation ;  and  if  in  one  group  of  animals  it  was  beneficial  to  have 
the  middle  toe  larger  and  longer,  and  in  another  set  to  have  the 
two  middle  toes  of  the  same  size,  nothing  can  be  more  certain 
than  that  these  particular  modifications  would  be  continuously  pre- 
served, and  the  very  results  we  see  ultimately  produced. 

The  oft-repeated  v>bjections  that  ths  cause  of  variations  is  unknown; 
that  there  must  be  something  to  determine  variations  in  the  right 
direction ;  that  "  natural  selection  includes  no  actively  progressive 
principle,  but  must  wait  for  the  development  of  variation,  and  then, 
after  securing  the  survival  of  the  best,  wait  again  for  the  best  to  pro- 
ject its  own  variations  for  selection,"  we  have  already  sufficiently 
answered  by  showing  that  variation — in  abundant  or  typical  species — 
is  always  present  in  ample  amount ;  that  it  exists  in  all  parts  and 
organs ;  that  these  vary,  for  the  most  part,  independently,  so  that  any 
required  combination  of  variations  can  be  secured ;  and  finally,  that 
all  variation  is  necessarily  either  in  excess  or  defect  of  the  mean  con- 
dition, and  that,  consequently,  the  right  or  favorable  variations  are  so 
frequently  present  that  the  unerring  power  of  natural  selection  never 
wants  materials  to  work  upon. 

Supposed  Action  of  Animal  Intelligence. 

The  following  passage  briefly  summarizes  Mr.  Cope's  position: 
'•  Intelligence  is  a  conservative  principle,  and  will  always  direct  effort 
and  use  into  lines  which  will  be  beneficial  to  its  possesser.  Here  we 
have  the  source  of  the  fittest,  that  is,  addition  of  parts  by  increase  and 
location  of  growth-force,  directed  by  the  influence  of  various  kinds  of 
compulsion  in  the  lower,  and  intelligent  option  among  higher  animals. 

*  The  Origin  of  the  Fittest,  p.  374. 
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Thus  intelligent  choice,  taking  advantage  of  the  successive  evolution  of 
physical  conditions,  may  be  regarded  as  the  originater  of  the  fittest, 
while  natural  selection  is  the  tribunal  to  which  all  results  of  accelerated 
growth  are  submitted.  This  preserves  or  destroys  them,  and  deter- 
mines the  new  points  of  departure  on  which  accelerated  growth  shall 
build."* 

This  notion  of  "  intelligence  " —  the  intelligence  of  the  animal  itself 
— determining  its  own  variation,  is  so  evidently  a  very  partial  theory, 
inapplicable  to  the  whole  vegetable  kingdom,  and  almost  so  to  all  the 
lower  forms  of  animals,  amongst  which,  nevertheless,  there  is  the  very 
same  adaptation  and  co-ordination  of  parts  and  functions  as  among 
the  highest,  that  it  is  strange  to  see  it  put  forward  with  such  confidence 
as  necessary  for  the  completion  of  Darwin's  theory.  If  "  the  various 
kinds  of  compulsion" —  by  which  are  apparently  meant  the  laws  of 
variation,  growth,  and  reproduction,  the  struggle  for  existence,  and 
the  actions  necessary  to  preserve  life  under  the  conditions  of  the  ani- 
mal's environment — are  sufficient  to  have  developed  the  varied  forms 
of  the  lower  animals  and  of  plants,  we  can  see  no  reason  why  the  same 
"  compulsion "  should  not  have  carried  on  the  development  of  the 
higher  animals  also.  The  action  of  this  "  intelligent  option "  is 
altogether  unproved;  while  the  acknowldgment  that  natural  selec- 
tion is  the  tribunal  which  either  preserves  or  destroys  the  variations 
submitted  to  it,  seems  quite  inconsistent  with  the  statement  that 
intelligent  choice  is  the  "originater  of  the  fittest,"  since  whatever  is 
really  "  the  fittest ''  can  never  be  destroyed  by  natural  selection,  which 
is  but  another  name  for  the  survival  of  the  fittest.  If  "  the  fittest " 
is  always  definitely  produced  by  some  other  power,  then  natural 
selection  is  not  wanted.  If,  on  the  other  hand,  both  fit  and  unfit  are 
produced,  and  natural  selection  decides  between  them,  that  is  pure 
Darwinism,  and  Mr.  Cope's  theories  have  added  nothing  to  it. 

Semper  on  the  Direct  Influence  of  the  Environment. 
Another  eminent  naturalist,  Professor  Karl  Semper,  of  Wiirzburg, 
also  adopts  the  view  of  the  direct  transforming  power  of  the  environ- 
ment, and  has  brought  together  an  immense  body  of  interesting  facts 
showing  the  influence  of  food,  of  light,  of  temperature,  of  still  water 
and  moving  water,  of  the  atmosphere  and  its  currents,  of  gravitation, 
and  of  other  organisms,  in  modifying  the  forms  and  other  char- 
acteristics of  animals.f  He  believes  that  these  various  influences 
produce  a  direct  and  important  effect,  and  that  this  effect  is  accumu- 
lated by  inheritance  ;  yet  he  acknowledges  that  we  have  no  direct 
evidence  of  this,  and  there  is  hardly  a  single  case  adduced  in  the  book 
which  is  not  equally  well  explained  by  adaptation,  brought  about  by 
the  survival  of  beneficial  variations.  Perhaps  the  most  remarkable 
case  he  has  brought  forward  is  that  of  the  transformation  of  species 
of  crustaceans  by  a  change  in  the  saltness  of  the  water  (see  Fig.  35). 
Artemia  salina  lives  in  brackish  water,  while  A.  Milhausenii  inhabits 
water  which  is  much  salter.  They  differ  greatly  in  the  form  of  the 
tail-lobes,  and  in  the  presence  or  absence  of  spines  upon  the  tail,  and 
had  always  been  considered  perfectly  distinct  species.  Yet  either  was 
transformed  into  the  other  in  a  few  generations,  during  which  the 
saltness  of  the  water  was  gradually  altered.  Yet  more,  A.  salina  waa 

*  The  Origin  of  the  Fittest,  p.  40. 

t  The  Natural  Conditions  of  Existence  as  they  Affect  Animal  Life.    London,  1883. 
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gradually  accustomed  to  fresher  water,  and  in  the  course  of  a  fei» 
generations,  when  the  water  had  become  perfectly  fresh,  the  species 
1.  2.^  .3.  A  S  & 


PlO.  35. — Transformation  of  Artemia  salina  to  A.  Milhausenii;  1,  tail-lobe  of 
A.  salina,  and  its  transition  through  2,  3,  4,  5,  to  6,  into  that  of 
A.  Milhausenii;  7,  post-abdomen  of  A.  salina;  8,  post-abdomen  of  a 
form  bred  in  brackish  water;  9,  gill  of  A.  Milhausenii;  10,  gill  of 
A.  salina.  (From  Schmankewitsch.) 

was  changed  into  Branchipus  stagnalis,which 
had  always  been  considered  to  belong  to  a  dif- 
ferent genus  on  account  of  differences  in  the 
form  of  the  antennae  and  of  the  posterior 
segments  of  the  body  (see  Fig.  36).  This 
certainly  appears  to  be  a  proof  of  change  'of 
conditions  producing  a  change  of  form  inde- 
pendently of  selection,  and  of  that  change  of 
form,  while  remaining  under  the  same  con- 
ditions, being  inherited.  Yet  there  is  this 
peculiarity  in  the  case,  that  there  is  a  chemical 
change  in  the  water,  and  that  this  water  per- 
meates the  whole  body,  and  must  be  absorbed 
by  the  tissues,  and  thus  affect  the  ova  and 
eren  the  reproductive  elements,  and  in  this 
way  may  profoundly  modify  the  whole  organization.  Why  and  how 
the  external  effects  are  limited  to  special  details  of  the  structure  we 
do  not  know ;  but  it  does  not  seem  as  if  any  far-reaching  conclusions 
as  to  the  cumulative  effect  of  external  conditions  on  the  higher 
terrestrial  animals  and  plants  can  be  drawn  from  such  an  exceptional 
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a.  Branchipus  stagnalls. 
6.  Artemia  salina. 
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phenomenon.  It  seems  rather  analogous  to  those  effects  of  external 
influences  on  tlie  very  lowest  organisms  in  which  the  vegetative  and 
reproductive  organs  are  hardly  differentiated,  in  which  case  such 
effects  are  doubtless  inherited.* 

Professor  Geddes's  Theory  of  Variations  in  Plants. 

In  a  paper  read  before  the  Edinburgh  Botanical  Society  in  1886 
Mr.  Patrick  Geddes  laid  down  the  outlines  of  a  fundamental  theory  of 
plant-variation,  which  he  has  further  extended  in  the  article  "  Variation 
and  Selection  "  iu  the  Encyclopaedia  J3ritannica,  and  in  a  paper  read 
before  the  Linnsean  Society  but  not  yet  published. 

A  theory  of  variation  should  deal  alike  with  the  origin  of  specific 
distinctions  and  with  those  vaster  differences  which  characterize  the 
larger  groups,  and  he  thinks  it  should  answer  such  questions  as — How 
an  axis  comes  to  be  arrested  to  form  a  flower, —  how  the  various  forms 
of  inflorescence  were  evolved, —  how  did  perigynous  or  epigynous 
flowers  arise  from  hypogyncus  flowers, —  and  many  others  equally 
fundamental.  Natural  selection  acting  upon  numerous  accidental 
variations  will  not,  he  urges,  account  for  such  general  facts  as  these, 
which  must  depend  on  some  constant  law  of  variation.  This  law  he 
believes  to  be  the  well-known  antagonism  of  vegetative  and  reproduc- 
tive growth  acting  throughout  the  whole  course  of  plant-development ; 
and  he  uses  it  to  explain  many  of  the  most  characteristic  features  of 
the  structure  of  flowers  and  fruits. 

Commencing  with  the  origin  of  the  flower,  which  all  botanists 
agree  in  regarding  as  a  shortened  branch,  he  explains  this  shortening 
as  an  inevitable  physiological  fact,  since  the  cost  of  the  development 
of  the  reproductive  elements  is  so  great  as  necessarily  to  check  vegeta- 
tive growth.  In  the  same  manner  the  shortening  of  the  inflorescence 
from  raceme  to  spike  or  umbel,  and  thence  to  the  capitulum  or  dense 
flower-head  of  the  composite  plants  is  brought  about.  This  shorten- 
ing, carried  still  further,  produces  the  flattened  leaf-like  receptacle  of 
Dorstenia,  and  further  still  the  deepened  hollowed  fruity  receptacle 
of  the  fig. 

The  flower  itself  undergoes  a  parallel  modification  due  to  a  similar 
cause.  It  is  formed  by  a  series  of  modified  leaves  arranged  around  a 
shortened  axis.  In  its  earlier  stages  the  number  of  these  modified 
leaves  is  indefinite,  as  in  many  Ranunculaceaz ;  and  the  axis  itself  is 
not  greatly  shortened,  as  in  Myosurus.  The  first  advance  is  to  a 
definite  number  of  parts  and  a  permanently  shortened  axis  in  the 
arrangement  termed  hypogynous,  in  which  all  the  whorls  are  quite 
distinct  from  each  other.  In  the  next  stage  there  is  a  further  shorten- 
ing of  the  central  axis,  leaving  the  outer  portion  as  a  ring  on  which 
the  petals  are  inserted,  producing  the  arrangement  termed  perigynous. 
A  still  further  advance  is  made  by  the  contraction  of  the  axis,  so  as  to 
leave  the  central  part  forming  the  ovary  quite  below  the  flower,  which 
is  then  termed  epigynous. 

*  In  Dr.  Weismann's  essay  on  "Heredity,"  already  referred  to,  he  considers 
it  not  improbable  that  changes  in  organisms  produced  by  climatic  influences 
may  be  inherited,  because,  as  these  changes  do  not  affect  the  external  parts  of  an 
organism  only,  but  often,  as  in  the  case  of  warmth  or  moisture  permeate  the 
whole  structure,  they  may  possibly  modify  the  germ-plasm  itself,  and  thus  induce 
variations  in  the  next  generation.  In  this  way,  he  thinks,  may  possibly  be 
explained  the  climatic  varieties  of  certain  butterflies,  and  some  other  changes 
which  seem  to  be  effected  by  change  of  climate  in  a  few  generations, 
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These  several  modifications  are  said  to  be  parallel  and  definite, 
and  to  be  determined  by  the  continuous  checking  of  vegetation  by 
reproduction  along  what  is  an  absolute  groove  of  progressive  change. 
This  being  the  case,  the  importance  of  natural  selection  is  greatly 
diminished.  Instead  of  selecting  and  accumulating  spontaneous  in- 
definite variations,  its  function  is  to  retard  them  after  the  stage  of 
maximum  utility  has  been  independently  reached.  The  same  simple 
conception  is  said  to  unlock  innumerable  problems  of  vegetable 
morphology,  large  and  small  alike.  It  explains  the  inevitable  develop- 
ment of  gymnosperin  into  angiosperm  by  the  checked  vegetative  growth 
of  the  ovule-bearing  leaf  or  carpel ;  while  such  minor  adaptations  as 
the  splitting  fruit  of  the  geranium  or  the  cupped  stigma  of  the  pansy, 
can  be  no  longer  looked  upon  as  achievements  of  natural  selection, 
but  must  be  regarded  as  naturally  traceable  to  the  vegetative  checking 
of  their  respective  types  of  leaf-organ.  Again,  a  detailed  examination 
of  spiny  plants  practically  excludes  the  hypothesis  of  m  mmalian 
selection  altogether,  and  shows  spines  to  arise  as  an  expression  of 
the  diminishing  vegetativeness, —  in  fact,  the  ebbing  vitality  of  a 
species.* 

Objections  to   the   Theory. 

The  theory  here  sketched  out  is  enticing,  and  at  first  sight  seems 
calculated  to  throw  much  light  on  the  history  of  plant-development; 
but  on  further  consideration,  it  seems  wanting  in  denniteness,  while 
it  is  beset  with  difficulties  at  every  step.  Take  first  the  shortening  of 
the  raceme  into  the  umbel  and  the  c.ipitulum,  said  t  >  be  caused  by 
arrest  of  vegetative  growth,  due  to  the  antagonism  of  reproduction. 
If  this  were  the  whole  explanation  of  the  phenomenon  we  should 
expect  the  quantity  of  seed  to  increase  as  this  vegetative  growth 
diminished,  since  the  seed  is  the  product  of  the  reproductive  energy 
of  the  plant,  and  its  quantity  the  best  measure  of  tint  energy.  But 
is  this  the  case  ?  The  ranunculus  has  comparatively  few  seeds,  and 
the  flowers  are  not  numerous  ;  while  in  the  same  order  the  larkspur 
and  the  columbine  have  far  more  seeds  as  well  as  more  flowers,  but 
there  is  no  shortening  of  the  raceme  or  diminution  of  the  foliage, 
although  the  flowers  are  large  and  complex.  So  the  extremely 
shortened  and  compressed  flower-heads  of  the  compositae  produce 
comparatively  few  seeds, —  one  only  to  each  flower;  while  the  fox- 
glove, with  its  long  spike  of  showy  flowers,  produces  an  enormous 
number. 

Again,  if  the  shortening  of  the  central  axis  in  the  successive  stages  of 
hypogynous,  perigynous,  and  epigyuous  flowers,  were  an  indication  of 
preponderant  reproduction  and  diminished  vegetation,  we  should  find 
everywhere  some  clear  indications  of  this  fact.  The  plants  with 
hypogynous  flowers  should,  as  a  rule,  have  less  seed  and  more 
vigorous  and  abundant  foliage  than  those  at  the  other  extreme  with 
epigynous  flowers.  But  the  hypogynous  poppies,  pinks,  and  St.  John's 
worts,  have  abundance  of  seed  and  rather  scanty  foliage ;  while  the 
epigynous  dogwoods  and  honeysuckles  have  few  seeds  and  abundant 
foliage.  If,  instead  of  the  number  of  the  seeds,  we  take  the  size  of 
the  fruit  as  an  indication  of  reproductive  energy,  we  find  this  at  a 

*  This  brief  indication  of  Professor  Geddes's  views  is  taken  from  the  article 
"Variation  and  Selection"  in  the  Enci/clojtceclia  Brittmnicn.  and  a  paper  "On  the 
Nature  and  Causes  of  Variation  in  Plants"  in  Trans,  and  Proc.  of  the  Edinburgh 
Botanical  Society,  1886 ;  and  is,  for  the  most  part,  expressed  in  his  own  words. 
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maximum  in  the  gourd  family,  yet  their  rapid  and  luxuriant  growth 
shows  no  diminution  of  vegetative  power.  So  that  the  statement  that 
plant-modifications  proceed  "  along  an  absolute  groove  of  progressive 
change"  is  contradicted  by  innumerable  facts  indicating  advance  and 
regression,  improvement  or  degradation,  according  as  the  ever-changing 
environment  renders  one  form  more  advantageous  than  the  other.  As 
one  instance  I  may  mention  the  Anonacece  or  custard-apple  tribe, 
which  are  certainly  an  advance  from  the  Ranunculacew ;  yet  in  the 
genus  Polyalthea  the  fruit  consists  of  a  number  of  separate  carpels, 
each  borne  on  a  long  stalk,  as  if  reverting  to  the  primitive  stalked 
carpellary  leaves. 

On   the  Origin   of  Spines. 

But  perhaps  the  most  extraordinary  application  of  the  theory  is 
that  which  considers  spines  to  be  an  indication  of  the  "  ebbing  vitality 
of  a  species,"  and  which  excludes  "mammalian  selection  altogether." 
If  this  were  true,  spines  should  occur  mainly  in  feeble,  rare,  and 
dying-out  species,  instead  of  which  we  have  the  hawthorn,  one  of  our 
most  vigorous  shrubs  or  trees,  with  abundant  vitality  and  an  extensive 
range  over  the  whole  Palaearctic  region,  showing  that  it  is  really  a 
dominant  species.  In  North  America  the  numerous  thorny  species  of 
Cratcegus  are  equally  vigorous,  as  are  the  false  acacia  (Robinia}  and 
the  honey-locust  (G-leditschia).  Neither  have  the  numerous  species  of 
very  spiny  Acacias  been  noticed  to  be  rarer  or  less  vigorous  than  the 
unarmed  kinds. 

On  the  other  point — that  spines  are  not  due  to  mammalian  selection 
— we  are  able  to  adduce  what  must  be  considered  direct  and  con- 
clusive evidence.  For  if  spines,  admittedly  produced  by  aborted 
branches,  petioles,  or  peduncles,  are  due  solely  or  mainly  to 
diminished  vegetativeness  or  ebbing  vitality,  they  ought  to  occur 
in  all  countries  alike,  or  at  all  events  in  all  whose  similar  conditions 
tend  to  check  vegetation;  whereas,  if  they  are.  solely  or  mainly, 
developed  as  a  protection  against  the  attacks  of  herbivorous  mam- 
mals, they  ought  to  be  most  abundant  where  these  are  plentiful,  and  rare 
or  absent  where  indigenous  mammalia  are  wanting.  Oceanic  islands, 
as  compared  with  continents,  would  thus  furnish  a  crvicial  test  of  the 
two  theories;  and  Mr.  Hemsley,  of  Kew,  who  has  specially  studied 
insular  floras,  has  given  me  some  valuable  information  on  this  point. 
He  says :  "  There  are  no  spiny  or  prickly  plants  in  the  indigenous 
element  of  the  St.  Helena  flora.  The  relatively  rich  flora  of  the 
Sandwich  Isles  is  not  absolutely  without  a  prickly  plant,  but  almost 
so.  All  the  endemic  genera  are  unarmed,  and  the  endemic  species 
of  almost  every  other  genus.  Even  such  genera  as  Zanthoxylon, 
Acacia,  JCylosoma,  Lycium.  and  /Solanum,  of  which  there  are  many 
armed  species  in  other  countries,  are  only  represented  by  unarmed 
species.  The  two  endemic  Rubi  have  prickles  reduced  to  the  setaceous 
condition,  and  the  two  palms  are  unarmed. 

"  The  flora  of  the  Galapagos  includes  a  number  of  prickly  plants, 
among  them  several  cacti  (these  have  not  been  investigated  and  may 
be  American  species),  but  I  do  not  think  one  of  the  known  endemic 
species  of  any  family  is  prickly  or  spiny. 

"  Spiny  and  prickly  plants  are  also  rare  in  New  Zealand,  but  there 
are  the  formidable  armed  species  of  wild  Spaniard  (Aciphytta),  one 
species  of  Rubus,  the  pungent-leaved  Epavridew,  and  a  few  others." 
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Mr.  J.  G.  Baker,  of  Kew,  who  has  specially  studied  the  flora  of 
Mauritius  and  the  adjacent  islands,  also  writes  me  on  this  point.  He 
says :  "  Taking  Mauritius  alone,  I  do  not  call  to  mind  a  single  species 
that  is  a  spinose  endemic  tree  or  shrub.  If  you  take  the  whole  group 
of  islands  (Mauritius,  Bourbon,  Seychelles,  and  Rodriguez),  there 
will  be  about  a  dozen  species,  but  then  nine  of  these  are  palms. 
Leaving  out  palms,  the  trees  and  shrubs  of  that  part  of  the  world  are 
exceptionally  non-spinose." 

These  are  certainly  remarkable  facts,  and  quite  inexplicable  on  the 
theory  of  spines  being  caused  solely  by  checked  vegetative  growth, 
due  to  weakness  of  constitution  or  to  an  arid  soil  and  climate.  For 
the  Galapagos  and  many  parts  of  the  Sandwich  Islands  are  very  arid, 
as  is  a  considerable  part  of  the  North  Island  of  New  Zealand.  Yet  in 
our  own  moist  climate  and  with  our  very  limited  number  of  trees  and 
shrubs  we  have  about  eighteen  spiny  or  prickly  species, —  more, 
apparently,  than  in  the  whole  endemic  floras  of  the  Mauritius,  Sand- 
wich Islands,  and  Galapagos,  though  these  are  all  especially  rich  in 
shrubby  and  arboreal  species.  In  New  Zealand  the  prickly  Mubus  is 
a  leafless  trailing  plant,  and  its  prickles  are  probably  a  protection 
against  the  large  snails  of  the  country,  several  of  which  have  shells 
from  two  to  three  and  a  half  inches  long.*  The  "wild  Spaniards" 
are  very  spiny  herbaceous  Umbelliferce,  and  may  have  gained  their 
spines  to  preserve  them  from  being  trodden  down  or  eaten  by  the 
Moas,  which,  for  countless  ages,  took  the  place  of  mammals  in  New 
Zealand.  The  exact  use  or  meaning  of  the  spines  in  palms  is  more 
doubtful,  though  they  are,  no  doubt,  protective  against  some  animals; 
but  it  is  certainly  an  extraordinary  fact  that  in  the  entire  flora  of  the 
Mauritius,  so  largely  consisting  of  trees  and  shrubs,  not  a  single 
endemic  species  should  be  thorny  or  spiny. 

If  now  we  consider  that  every  continental  flora  produces  a  con- 
siderable proportion  of  spiny  and  thorny  species,  and  that  these  rise 
to  a  maximum  in  South  Africa,  where  herbivorous  mammalia  were 
(before  the  settlement  of  the  country),  perhaps,  more  abundant  and 
varied  than  in  any  other  part  of  the  world, —  while  another  district, 
remarkable  for  well-armed  vegetation,  is  Chile,  where  the  camel-like 
vicugnas,  llamas,  and  alpacas,  and  an  abundance  of  large  rodents  wage 
perpetual  war  against  shrubby  vegetation,  we  shall  see  the  full  signifi- 
cance of  the  almost  total  absence  of  thorny  and  spiny  plants  in  the 
chief  oceanic  islands;  and  so  far  from  "excluding  the  hypothesis  of 
mammalian  selection  altogether,"  we  shall  find  in  this  hypothesis  the 
only  satisfactory  explanation  of  the  facts. 

From  the  brief  consideration  of  Professor  Geddes's  theory  now 
given,  we  conclude  that,  although  the  antagonism  between  vegetative 
and  reproductive  growth  is  a  real  agency,  and  must  be  taken  account 
of  in  our  endeavor  to  explain  many  of  the  fundamental  facts  in  the 
structure  and  form  of  plants,  yet  it  is  so  overpowered  and  directed  at 
every  step  by  the  natural  selection  of  favorable  variations  that  the 
results  of  its  exclusive  and  unmodified  action  are  nowhere  to  be  found 
in  Nature.  It  may  be  allowed  to  rank  as  one  of  those  "lav/s  of 
growth,"  of  which  so  many  have  now  been  indicated,  and  which  were 
always  recognized  by  Darwin  as  underlying  all  variation ;  but  unless 
we  bear  in  mind  that  its  action  must  always  be  subordinated  to 

*  Placostylis  bovinus,  31  inches  long;  Paryphanta  Busbyi,  3  inches  diameter; 
P.  Hochstetteri,  21  inches  diameter.  _  . 
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natural  selection,  and  that  it  is  continually  checked,  or  diverted,  or 
even  reversed  by  the  necessity  of  adaptation  to  the  environment,  we 
shall  be  liable  to  fall  into  such  glaring  errors  as  the  imputing  to 
"  ebbing  vitality  "  alone  such  a  widespread  phenomenon  as  the  occur- 
rence of  spines  and  thorns,  while  ignoring  altogether  the  influence  of 
the  organic  environment  in  their  production.* 

The  sketch  now  given  of  the  chief  attempts  that  have  been  made  to 
prove  that  either  the  direct  action  of  the  environment  or  certain 
fundamental  laws  of  variation  are  independent  causes  of  modification 
of  species,  shows  us  that  their  authors  have,  in  every  case,  failed  to 
establish  their  contention.  Any  direct  action  of  the  environment,  or 
any  characters  acquired  by  use  or  disuse,  can  have  no  effect  whatever 
upon  the  race  unless  they  are  inherited ;  and  that  they  are  inherited 
in  any  case,  except  when  they  directly  affect  the  reproductive  cells,  has 
not  been  proved.  On  the  other  hand,  as  we  shall  presently  show, 
there  is  much  reason  for  believing  that  such  acquired  characters  are 
in  their  nature  non-heritable. 

Variation  and  Selection  Overpower  the  Effects  of  Use  and  Disuse. 

But  there  is  another  objection  to  this  theory  arising  from  the  very 
nature  of  the  effects  produced.  In  each  generation  the  effects  of  use 
or  disuse,  or  of  effort,  will  certainly  be  very  small,  while  of  this  small 
effect  it  is  not  maintained  that  the  whole  will  be  always  inherited  by 
the  next  generation.  How  small  the  effect  is  we  have  no  means  of 
determining,  except  in  the  case  of  disuse,  which  Mr.  Darwin  investi- 
gated carefully.  He  found  that  in  twelve  fancy  breeds  of  pigeons, 
which  are  often  kept  in  aviaries,  or  if  free  fly  but  little,  the  sternum  had 
been  reduced  by  about  one  seventh  or  one  eighth  of  its  entire  length, 
and  that  of  the  scapula  about  one  ninth.  In  domestic  ducks  the 
weight  of  the  wing-bones  in  proportion  to  that  of  the  whole  skeleton 
had  decreased  about  one  tenth.  In  domestic  rabbits  the  bones  of  the 
legs  were  found  to  have  increased  in  weight  in  due  proportion  to  the 
increased  weight  of  the  body,  but  those  of  the  hind-legs  were  rather 
less  in  proportion  to  those  of  the  fore-legs  than  in  the  wild  animal,  a 

*  The  general  arguments  and  objections  here  set  forth  will  apply  with  equal 
force  to  Professor  GK  Henslow's  theory  of  the  origin  of  the  various  forms  and 
structures  of  flowers  as  due  to  "the  responsive  actions  of  the  protoplasm  in  con- 
sequence of  the  irritations  set  up  by  the  weights,  pressures,  thrusts,  tensions,  etc., 
of  the  insect  visiters"  (The  Origin  of  Floral  Structures  through  Insect  and  other 
Agencies,  p.  340).  On  the  assumption  that  acquired  characters  are  inherited,  such 
irritations  may  have  had  something  to  do  with  the  initiation  of  variations  and 
with  the  production  of  certain  details  of  structure,  but  they  are  clearly  incom- 
petent to  have  brought  about  the  more  important  structural  and  functional  modi- 
fications of  flowers.  Such  are — the  various  adjustments  of  length  and  position  of 
the  stamens  to  bring  the  pollen  to  the  insect  and  from  the  insect  to  the  stigma; 
the  various  motions  of  stamens  and  styles  at  the  right  time  and  the  right  direction ; 
the  physiological  adjustments  bringing  about  fertility  or  sterility  in  heterostyled 
plants;  the  traps,  springs,  and  complex  movements  of  various  parts  of  orchids; 
and  innumerable  other  remarkable  phenomena. 

For  the  explanation  of  these  we  have  no  resource  but  variation  and  selection, 
to  the  effects  of  which,  acting  alternately  with  repression  or  degrndation  as  before 
explained  (p.  222)  must  be  imputed  the  development  of  the  countless  floral  struc- 
tures we  now  behold.  Even  the  primitive  flowers,  whose  initiation  may,  perhaps, 
have  been  caused,  or  rendered  possible,  by  the  irritation  set  up  by  insects'  visits, 
must,  from  their  very  origin,  have  been  modified  in  accordance  with  the  supreme 
law  of  utility  by  means  of  variation  and  survival  of  the  fittest. 
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difference  which  may  be  imputed  to  their  being  less  used  in  rapid 
motion.  The  pigeons,  therefore,  afford  the  greatest  amount  of  reduc- 
tion by  disuse — one  seventh  of  the  length  of  the  sternum.  But  th« 
pigeon  has  certainly  been  domesticated  four  or  five  thousand  years ; 
and  if  the  reduction  of  the  wings  by  disuse  has  only  been  going  on  for 
the  last  thousand  years,  the  amount  of  reduction  in  each  generation 
would  be  absolutely  imperceptible,  and  quite  within  the  limits  of  the 
reduction  due  to  the  absence  of  selection,  as  already  explained.  But, 
as  we  have  seen  in  Chapter  III.,  the  fortuitous  variation  of  every  part 
or  organ  usually  amounts  to  one  tenth,  and  often  to  one  sixth  of  the 
average  dimensions, —  that  is,  the  fortuitous  variation  in  one  genera- 
tion among  a  limited  number  of  the  individuals  of  a  species  is  as  great 
as  the  cumulative  effects  of  disuse  in  a  thousand  generations !  If  we 
assume  that  the  effects  of  use  or  of  effort  in  the  individual  are  equal 
to  the  effects  of  disuse,  or  even  ten  or  a  hundred  times  greater,  they 
will  even  then  not  equal,  in  each  generation,  the  amount  of  the  fortu- 
itous variations  of  the  same  part.  If  it  be  urged  that  the  effects  of  use 
would  modify  all  the  individuals  of  a  species,  while  the  fortuitous 
variations  to  the  amount  named  only  apply  to  a  portion  of  them,  it 
may  be  replied  that  thnt  portion  is  sufficiently  large  to  afford  ample 
materials  for  selection,  since  it  often  equals  the  numbers  that  can 
annually  survive ;  while  the  recurrence  in  each  successive  generation 
of  a  like  amount  of  variation  would  render  possible  such  a  rapid 
adjustment  to  new  conditions  that  the  effect  of  use  or  disuse  would  be 
as  nothing  in  comparison.  It  follows  that  even  admitting  the  modi- 
fying effects  of  the  environment,  and  that  such  modifications  are 
inherited,  they  would  yet  be  entirely  swamped  by  the  greater  effects 
of  fortuitous  variation,  and  the  far  more  rapid  cumulative  results  of 
the  selection  of  such  variations. 

Supposed  Action   of  the  Environment   in  Initiating  Variations. 

It  is,  however,  urged  that  the  reaction  of  the  environment  initiates 
variations,  which  without  it  would  never  arise ;  such,  for  instance,  as 
the  origin  of  horns  through  the  pressures  and  irritations  caused  by 
butting,  or  otherwise  using  the  head  as  a  weapon  or  for  defense. 
Admitting,  for  the  sake  of  argument,  that  this  is  so,  all  the  evidence 
we  possess  shows  that,  from  the  very  first  appearance  of  the  rudiment 
of  such  an  organ,  it  would  vary  to  a  greater  extent  than  the  amount 
of  growth  directly  produced  by  use ;  and  these  variations  would  be 
subject  to  selection,  and  would  thus  modify  the  organ  in  ways  which 
use  alone  would  never  bring  about.  We  have  seen  that  this  has  been 
the  case  with  the  branching  antlers  of  the  stag,  which  have  been 
modified  by  selection  so  as  to  become  useful  in  other  ways  than  as  a 
mere  weapon  ;  and  the  same  has  almost  certainly  been  the  case  with 
the  variously  curved  and  twisted  horns  of  antelopes.  In  like  manner, 
every  conceivable  rudiment  would,  from  its  first  appearance,  be 
subject  to  the  law  of  variation  and  selection,  to  which,  thenceforth, 
the  direct  effect  of  the  environment  would  be  altogether  subordinate. 

A  very  similar  mode  of  reasoning  will  apply  to  the  other  branch  of 
the  subject — the  initiation  of  structures  and  organs  by  the  action  of 
the  fundamental  laws  of  growth.  Admitting  that  such  laws  have 
determined  some  of  the  main  divisions  of  the  animal  and  vegetable 
kingdoms,  have  originated  certain  important  organs,  and  have  been  the 
fundamental  cause  of  certain  lines  of  development,  yet  at  every  step 
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of  the  process  these  laws  must  have  acted  in  entire  subordination  to 
the  law  of  natural  selection.  No  modification  thus  initiated  could 
have  advanced  a  single  step,  unless  it  were,  on  the  whole,  a  useful 
modification ;  while  its  entire  future  course  would  be  necessarily  sub- 
ject to  the  laws  of  variation  and  selection,  by  which  it  would  be  some- 
times checked,  sometimes  hastened  on,  sometimes  diverted  to  one 
purpose,  sometimes  to  another,  according  as  the  needs  of  the  organism, 
under  the  special  conditions  of  its  existence,  required  such  modifica- 
tion. We  need  not  deny  that  such  laws  and  influences  may  have  acted 
in  the  manner  suggested,  but  what  we  do  deny  is  that  they  could 
possibly  escape  from  the  ever-present  and  all-powerful  modifying 
effects  of  variation  and  natural  selection.* 

Weismami's  Theory   of  Heredity. 

Professor  August  Weisrnann  has  put  forth  a  new  theory  of  heredity 
founded  upon  the  "  continuity  of  the  germ-plasm,"  one  of  the  logical 
consequences  of  which  is  that  acquired  characters  of  whatever  kind 
are  not  transmitted  from  parent  to  offspring.  As  this  is  a  matter  of 
vital  importance  to  the  theory  of  natural  selection,  and  as,  if  -well 
founded,  it  strikes  away  the  foundations  of  most  of  the  theories  dis- 
cussed in  the  present  chapter,  a  brief  outline  of  Weismann's  views 
must  be  attempted,  although  it  is  very  difficult  to  make  them 
intelligible  to  persons  unfamiliar  with  the  main  facts  of  modern 
embryology.  | 

The  problem  is  thus  stated  by  Weismann:  "How  is  it  that  in  the 
case  of  all  higher  animals  and  plants  a  single  cell  is  able  to  separate 
itself  from  amongst  the  millions  of  most  various  kinds  of  which  an 
organism  is  composed,  arid  by  division  and  complicated  differentiation 
to  reconstruct  a  new  individual  with  marvelous  likeness,  unchanged 
in  many  cases  even  throughout  whole  geological  periods'?"  Darwin 
attempted  to  solve  the  problem  by  his  theory  of  "Pangenesis,"  which 
supposed  that  every  individual  cell  in  the  body  gave  oif  gemmules  or 
germs  capable  of  reproducing  themselves,  and  that  portions  of  these 
germs  of  each  of  the  almost  infinite  number  of  cells  permeate  the 
whole  body  and  become  collected  in  the  generative  cells,  and  are  thus 
able  to  reproduce  the  whole  organism.  This  theory  is  felt  to  be  so 
ponderously  complex  and  difficult  that  it  has  met  with  no  general 
acceptance  among  physiologists. 

The  fact  that  the  germ-cells  do  reproduce  with  wonderful  accuracy 
not  only  the  general  characters  of  the  species,  but  many  of  the  individ- 
ual characteristics  of  the  parents  or  more  remote  ancestors,  and  that 

*  In  an  essay  on  "The  Duration  of  Life,"  forming  part  of  the  translation  of 
Dr.  Weismann's  papers  already  referred  to,  the  author  still  further  extends  the 
sphere  of  natural  selection  by  showing  that  the  average  duration  of  life  in  each 
species  has  been  determined  by  it.  A  certain  length  of  life  is  essential  in  order 
that  the  species  may  produce  offspring  sufficient  to  insure  its  continuance  under 
the  most  unfavorable  conditions;  and  it  is  shown  that  the  remarkable  inequalities 
of  longevity  in  different  species  and  groups  may  be  thus  accounted  for.  Yet  more, 
the  occurrence  of  death  in  the  higher  organisms,  in  place  of  the  continued  sur- 
vival of  the  unicellular  organisms  however  much  they  may  increase  by  subdivision, 
may  be  traced  to  the  same  great  law  of  utilily  for  the  race  and  survival  of  the 
fittest.  The  whole  essay  is  of  exceeding  interest,  and  will  repay  a  careful 
perusal.  A  similar  idea  occurred  to  the  present  writer  about  twenty  years  back, 
and  was  briefly  noted  down  at  the  time,  but  subsequently  forgotten. 

t  The  outline  here  given  is  derived  from  two  articles  in  Nature,  vol.  xxxiii. 
p.  154,  and  vol.  xxxiv.  p.  629,  in  which  Weismann's  papers  are  summarized  and 
partly  translated. 
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this  process  is  continued  from  generation  to  generation,  can  be 
accounted  for,  Weismaim  thinks,  only  on  two  suppositions  which  are 
physiologically  possible.  Either  the  substance  of  the  parent  germ-cell, 
after  passing  through  a  cycle  of  changes  required  for  the  construction 
of  a  new  individual,  possesses  the  capability  of  producing  anew  germ- 
ceils  identical  with  those  from  which  that  individual  was  developed,  or 
the  new  germ-cells  arise,  as  far  as  their  essential  and  characteristic 
substance  is  concerned,  not  at  all  out  of  the  body  of  the  individual,  but 
direct  from  the  parent  germ-cell.  This  latter  view  Weismann  holds  to 
be  the  correct  one,  and,  on  this  theory,  heredity  depends  on  the  fact 
that  a  substance  of  special  molecular  composition  passes  over  from  one 
generation  to  another.  This  is  the  "germ-plasm,"  the  power  of  which 
to  develop  itself  into  a  perfect  organism  depends  on  the  extraordinary 
complication  of  its  minutest  structure.  At  every  new  birth  a  portion 
of  the  specific  germ-plasm,  which  the  parent  egg-cell  contains,  is  not 
used  up  in  producing  the  offspring,  but  is  reserved  unchanged  to  pro- 
duce the  germ-cells  of  the  following  generation.  Thus  the  germ-cells 
— so  far  as  regards  their  essential  part,  the  germ-plasm — are  not  a  pro- 
duct of  the  body  itself,  but  are  related  to  one  another  in  the  same  way 
as  are  a  series  of  generations  of  unicellular  organisms  derived  from 
one  another  by  a  continuous  course  of  simple  division.  Thus  the 
question  of  heredity  is  reduced  to  one  of  growth.  A  minute  portion 
of  the  very  same  germ-plasm  from  which,  first  the  germ-cell,  and  then 
the  whole  organism  of  the  parent,  were  developed,  becomes  the 
starting-point  of  the  growth  of  the  child. 

The  Cause   of  Variation. 

But  if  this  were  all,  the  offspring  would  reproduce  the  parent 
exactly,  in  every  detail  of  form  and  structure ;  and  here  we  see  the 
importance  of  sex,  for  each  new  germ  grows  out  of  the  united  germ- 
plasms  of  two  parents,  whence  arises  a  mingling  of  their  characters  in 
the  offspring.  This  occurs  in  each  generation ;  hence  every  individual 
is  a  complex  result  reproducing  in  ever-varying  degrees  the  diverse 
characteristics  of  his  two  parents,  four  grandparents,  eight  great- 
grandparents,  and  other  more  remote  ancestors ;  and  that  ever-present 
individual  variation  arises  which  furnishes  the  material  for  natural 
selection  to  act  upon.  Diversity  of  sex  becomes,  therefore,  of  primary 
importance  as  the  cause  of  variation.  Where  asexual  generation 
prevails,  the  characteristics  of  the  individual  alone  are  reproduced, 
and  there  are  thus  no  means  of  effecting  the  change  of  form  or 
structure  required  by  changed  conditions  of  existence.  Under  such 
changed  conditions  a  complex  organism,  if  only  asexually  propagated, 
would  become  extinct.  But  when  a  complex  organism  is  sexually 
propagated,  there  is  an  ever-present  cause  of  change  which,  though 
slight  in  any  one  generation,  is  cumulative,  and  under  the  influence  of 
selection  is  sufficient  to  keep  up  the  harmony  between  the  organism 
and  its  slowly  changing  environment.* 

*  There  are  many  indications  that  this  explanation  of  the  cause  of  variation  is 
the  true  one.  Mr.  E.  B.  Poulton  suggests  one,  in  the  fact  that  parthenogenetie 
reproduction  oal y  occurs  in  isolated  species,  not  in  groups  of  related  species ;  as 
this  shows  that  parthenogenesis  can  not  lead  to  the  evolution  of  new  forms. 
Again,  in  parthenogenetic  females  the  complete  apparatus  for  fertilization  remains 
unreduced;  but  if  these  varied  as  do  sexually  produced  animals,  the  organs  re- 
ferred to,  being  unused,  would  become  rudimentary. 

Even  more  important  is  the  significance  of  the  "polar  bodies,"  as  explained  by 
Weismann  in  one  of  his  Essays ;  since,  if  his  interpretation  of  them  be  correct, 
variability  is  a  necessary  consequence  of  sexual  generation, 
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The  Non-Heredity   of  Acquired  Characters. 

Certain  observations  on  the  embryology  of  the  lower  animals  are 
held  to  afford  direct  proof  of  this  theory  of  heredity,  but  they  are  too 
technical  to  be  made  clear  to  ordinary  readers.  A  logical  result 
of  the  theory  is  the  impossibility  of  the  transmission  of  acquired 
characters,  since  the  molecular  structure  of  the  germ-plasm  is  already 
determined  within  the  embryo ;  and  Weismann  holds  that  there  are 
no  facts  which  really  prove  that  acquired  characters  can  be  inherited, 
although  their  inheritance  has,  by  most  writers,  been  considered  so 
probable  as  hardly  to  stand  in  need  of  direct  proof. 

We  have  already  shown,  in  the  earlier  part  of  this  chapter,  that 
many  instances  of  change,  imputed  to  the  inhei'itauce  of  acquired 
variations,  are  really  cases  of  selection ;  while  the  very  fact  that  use 
implies  usefulness  renders  it  almost  impossible  to  eliminate  the  action 
of  selection  in  a  state  of  Nature.  As  regards  mutilations,  it  is  generally 
admitted  that  they  are  not  hereditary,  and  there  is  ample  evidence  on 
this  point.  When  it  was  the  fashion  to  dock  horses'  tails,  it  was  not 
found  that  horses  were  born  with  short  tails ;  nor  are  Chinese  women 
born  with  distorted  feet ;  nor  are  any  of  the  numerous  forms  of  racial 
mutilation  in  man,  which  have  in  some  cases  been  carried  on  for 
hundreds  of  generations,  inherited.  Nevertheless,  a  few  cases  of 
apparent  inheritance  of  mutilations  have  been  recorded;*  and  these, 
if  trustworthy,  are  difficulties  in  the  way  of  the  theory.  The  undoubted 
inheritance  of  disease  is  hardly  a  difficulty,  because  the  predisposition 
to  disease  is  a  congenital  not  an  acquired  character,  and  as  such 
would  be  the  subject  of  inheritance.  The  often-quoted  case  of  a  dis- 
ease induced  by  mutilation  being  inherited  (Brown-Sequard's  epileptic 
guinea-pigs)  has  been  discussed  by  Professor  Weismann,  and  shown  to 
be  not  conclusive.  The  mutilation  itself  —  a  section  of  certain  nerves 
—  was  never  inherited,  but  the  resulting  epilepsy,  or  a  general  state 
of  weakness,  deformity,  or  sores,  was  sometimes  inherited.  It  is,  how- 
ever, possible  that  the  mere  injury  introduced  and  encouraged  the 
growth  of  certain  microbes,  which,  spreading  through  the  organism, 
sometimes  reached  the  germ-cells,  and  thus  transmitted  a  diseased 
condition  to  the  offspring.  Sueii  a  transference  of  microbes  is 
believed  to  occur  in  syphilis  and  tuberculosis,  and  has  been 
ascertained  to  occur  in  the  case  of  the  muscardine  silkworm  disease.f 

The   Theory   of  Instinct. 

The  theory  now  briefly  outlined  can  not  be  said  to  be  proved,  but 
it  commends  itself  to  many  physiologists  as  being  inherently  probable, 
and  as  furnishing  a  good  working  hypothesis  till  displaced  by  a  better. 
We  can  not,  therefore,  accept  any  arguments  against  the  agency  of 
natui-al  selection  which  are  based  upon  the  opposite  and  equally 
unproved  theory  that  acquired  characters  are  inherited ;  and  as  this 
applies  to  the  whole  school  of  what  may  be  termed  Neo-Lamarckians, 
their  speculations  cease  to  have  any  weight. 

The  same  remark  applies  to  the  popular  theory  of  instincts  as 
being  inhei'ited  habits;  though  Darwin  gave  very  little  weight  to  this, 

*  Darwin's  Animals  and  Plants,  vol.  ii.  pp.  23,  24. 

t  In  his  essay  on  "Heredity,"  Dr.  Weismann  discusses  many  other  cases  of  sup- 
posed inheritance  of  acquired  characters,  and  shows  that  they  can  all  be  explained 
in  other  ways.  Shortsightedness  among  civilized  nations,  for  example,  is  due 
partly  to  the  absence  of  selection  and  consequent  regression  toward  a  mean,  and 
partly  to  its  individual  production  by  constant  reading. 
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but  derived  almost  all  instincts  from  spontaneous  useful  variations 
which,  like  other  spontaneous  variations,  are  of  course  inherited.  At 
first  sight  it  appears  as  if  the  acquired  habits  of  our  trained  dogs  — 
pointers,  retrievers,  etc. —  are  certainly  inherited ;  but  this  need  not 
be  the  case,  because  there  must  be  some  structural  or  psychical 
peculiarities,  such  as  modifications  in  the  attachments  of  muscles, 
increased  delicacy  of  smell  or  sight,  or  peculiar  likes  and  dislikes, 
which  are  inherited;  and  from  these,  peculiar  habits  follow  as  a 
natural  consequence,  or  are  easily  acquired.  Now,  as  selection  has 
been  constantly  at  work  in  improving  all  our  domestic  animals,  we 
have  unconsciously  modified  the  structure,  while  preserving  only 
those  animals  which  best  served  our  purpose  in  their  peculiar  faculties, 
instincts,  or  habits. 

Much  of  the  mystery  of  instinct  arises  from  the  persistent  refusal 
to  recognize  the  agency  of  imitation,  memory,  observation,  and  reason, 
as  often  forming  part  of  it.  Yet  there  is  ample  evidence  that  such 
agency  must  be  taken  into  account.  Both  Wilson  and  Leroy  state 
that  young  birds  build  inferior  nests  to  old  ones,  and  the  latter  author 
observes  that  the  best  nests  are  made  by  birds  whose  young  remain 
longest  in  the  nest.  So,  migration  is  now  well  ascertained  to  be 
effected  by  means  of  vision,  long  flights  being  made  on  bright  moon- 
light nights  when  the  birds  fly  very  high,  while  on  cloudy  nights  they 
fly  low,  and  then  often  lose  their  way.  Thousands  annually  fly  out  to 
sea  and  perish,  showing  that  the  instinct  to  migrate  is  imperfect,  and 
is  not  a  good  substitute  for  reason  and  observation. 

Again,  much  of  the  imperfection  of  instinct  is  due  to  the  extreme 
severity  of  the  selection  during  its  development,  any  failure  involving 
destruction.  The  chick  which  can  not  break  the  eggshell,  the  cater- 
pillar that  fails  to  suspend  itself  properly  or  to  spin  a  safe  cocoon, 
the  bees  that  lose  their  way  or  that  fail  to  store  honey,  inevitably 
perish.  So  the  birds  that  fail  to  feed  and  protect  their  young,  or  the 
butterflies  that  lay  their  eggs  on  the  wrong  food-plant,  leave  no  off- 
spring, and  the  race  with  imperfect  instincts  perishes.  Now,  during 
the  long  and  very  slow  course  of  development  of  each  organism,  this 
rigid  selection  at  every  step  of  progress  has  led  to  the  preservation  of 
every  detail  of  structure,  faculty,  or  habit,  that  has  been  necessary 
for  the  preservation  of  the  race,  and  has  thus  gradually  built  up  the 
various  instincts  which  seem  so  marvelous  to  us,  but  which  can  yet  be 
shown  to  be  in  many  cases  still  imperfect.  Here,  as  everywhere  else 
in  Nature,  we  find  comparative  —  not  absolute  —  perfection,  with  every 
gradation  from  what  is  clearly  due  to  imitation  or  reason  up  to  what 
seems  to  us  perfect  instinct, —  that  in  which  a  complex  action  is  per- 
formed without  any  previous  experience  or  instruction.* 

*  Weismann  explains  instinct  on  similar  lines,  and  gives  many  interesting  illus- 
trations (see  Essays  on  Heredity').  He  holds  "that  all  instinct  is  entirely  due  to 
the  operation  of  natural  selection,  and  has  its  foundation,  not  upon  inherited 
experiences,  but  upon  variations  of  the  germ."  Many  interesting  and  difficult 
cases  of  instinct  are  discussed  by  Darwin  in  Chapter  VIII.  of  The  Origin  of  Species, 
which  should  be  read  in  connection  with  the  above  remarks. 

Since  this  chapter  was  written  my  attention  has  been  directed  to  Mr.  Francis 
Galton's  Theory  of  Heredity  (already  referred  to  at  p.  278)  which  was  published 
thirteen  years  ago  as  an  alternative  for  Darwin's  theory  of  pangenesis. 

Mr.  Galton's  theory,  although  it  attracted  little  attention,  appears  to  me  to  be 
substantially  the  same  as  that  of  Professor  Weismann.  Galton's  "stirp"  is  Weis- 
mann's  "germ-plasm."  Galton  supposes  the  sexual  elements  in  the  offspring  to 
be  directly  formed  from  the  residue  of  the  sth-p  not  used  up  in  the  development 
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Concluding  Remarks. 

Having  now  passed  in  review  the  more  important  of  the  recent 
objections  to,  or  criticisms  of,  the  theory  of  natural  selection,  we 
have  arrived  at  the  conclusion  that  in  no  one  case  have  the  writers  in 
question  been  able  materially  to  diminish  its  importance,  or  to  show 
that  any  of  the  laws  or  forces  to  which  they  appeal  can  act  otherwise 
than  in  strict  subordination  to  it.  The  direct  action  of  the  environ- 
ment as  set  forth  by  Mr.  Herbert  Spencer,  Dr.  Cope,  and  Dr.  Karl 
Semper,  even  if  we  admit  that  its  effects  on  the  individual  are  trans- 
mitted by  inheritance,  are  so  small  in  comparison  with  the  amount  of 
spontaneous  variation  of  every  part  of  the  organism  that  they  must  be 
quite  overshadowed  by  the  latter.  And  if  such  direction  may,  in  some 
cases,  have  initiated  certain  organs  or  outgrowths,  these  must  from 
their  very  first  beginnings  have  been  subject  to  variation  and  natural 
selection,  and  their  further  development  have  been  almost  wholly  due 
to  these  ever-present  and  powerful  causes.  The  same  remark  applies 
to  the  views  of  Professor  Geddes  on  the  laws  of  growth  which  have 
determined  certain  essential  features  in  the  morphology  of  plants  and 
animals.  The  attempt  to  substitute  these  laws  for  those  of  variation 
and  natural  selection  has  failed  in  cases  where  we  can  apply  a  definite 
test,  as  in  that  of  the  origin  of  spines  on  trees  and  shrubs ;  while  the 
extreme  diversity  of  vegetable  structure  and  forms  among  the  plants 
of  the  same  country  and  of  the  same  natural  order,  of  itself  affords 
a  proof  of  the  preponderating  influence  of  variation  and  natural 
selection  in  keeping  the  many  diverse  forms  in  harmony  with  the 
highly  complex  and  ever-changing  environment. 

Lastly,  we  have  seen  that  Professor  Weismann's  theory  of  the  con- 
tinuity of  the  germ-plasm  and  the  consequent  non-heredity  of  acquired 
characters,  while  in  perfect  harmony  with  all  the  well-ascertained 
facts  of  heredity  and  development,  adds  greatly  to  the  importance 
of  natural  selection  as  the  one  invariable  and  ever-present  factor  in 
all  organic  change,  and  that  which  can  alone  have  produced  the 
temporary  fixity  combined  with  the  secular  modification  of  species. 
While  admitting,  as  Darwin  always  admitted,  the  co-operation  of  the 
fundamental  laws  of  growth  and  variation,  of  correlation  and  heredity, 
in  determining  the  direction  of  lines  of  variation  or  in  the  initiation 
of  peculiar  organs,  we  find  that  variation  and  natural  selection  are 
ever-present  agencies,  which  take  possession,  as  it  were,  of  every 
minute  change  originated  by  these  fundamental  causes,  check  or 

of  the  body  of  the  parent — Weismann's  "continuity  of  the  germ-plasm."  Galton 
also  draws  many  of  the  same  conclusions  from  his  theory.  He  maintains  that 
characters  acquired  by  the  individual  as  the  result  of  external  influences  can  not 
be  inherited  unless  such  influences  act  directly  on  the  reproductive  elements, — 
instancing  the  possible  heredity  of  alcoholism,  because  the  alcohol  permeates  the 
tissues  and  may  reach  the  sexual  elements.  He  discusses  the  supposed  heredity 
of  effects  produced  by  use  or  disuse,  and  explains  them  much  in  the  same  manner 
as  does  Weismann.  Galton  is  an  anthropologist,  and  applies  the  theory,  mainly, 
to  explain  the  peculiarities  of  hereditary  transmission  in  man,  many  of  which 
peculiarities  he  discusses  and  elucidates.  Weismann  is  a  biologist,  and  is  mostly 
concerned  with  the  application  of  the  theory  to  explain  variation  and  instinct, 
and  to  the  further  development  of  the  theory  of  evolution.  He  has  worked  it  out 
more  thoroughly,  and  has  adduced  embryological  evidence  in  its  support;  but  the 
views  of  both  writers  are  substantially  the  same,  and  their  theories  were  arrived 
at  quite  independently.  The  names  of  Galfcon  and  Weismann  should  therefore  be 
associated  as  discoverers  of  what  may  be  considered  (if  finally  established)  the 
most  important  contribution  to  the  evolution-theory  since  the  appearance  of  The 
Origin  of  Species. 
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favor  their  further  development,  or  modify  them  in  countless  varied 
ways  according  to  the  varying  needs  of  the  organism.  Whatever 
other  causes  have  been  at  work,  Natural  Selection  is  supreme,  to  an 
extent  which  even  Darwin  himself  hesitated  to  claim  for  it.  The 
more  we  study  it  the  more  we  are  convinced  of  its  overpowering 
importance,  and  the  more  confidently  we  claim,  in  Darwin's  own 
words,  that  it  "  has  been  the  most  important,  but  not  the  exclusive, 
means  of  modification." 
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CHAPTER    XV. 

DARWINISM    AS    APPLIED    TO    MAN. 

General  identity  of  human  and  animal  structure. —  Rudiments  and  variations 
showing  relation  of  man  to  other  mammals. —  The  embryonic  development  of 
man  and  other  mammalia. —  Diseases  common  to  man  and  the  lower  animals. 
The  animals  most  nearly  allied  to  man. —  The  brains  of  man  and  apes. — 
External  differences  of  man  and  apes. —  Summary  of  the  animal  character- 
istics of  man. —  The  geological  antiquity  of  man. —  The  probable  birthplace  of 
man. —  The  origin  of  the  moral  and  intellectual  nature  of  man. —  The  argu- 
ment from  continuity. —  The  origin  of  the  mathematical  faculty. —  The  origin 
of  the  musical  and  artistic  faculties. —  Independent  proof  that  these  faculties 
have  not  been  developed  by  natural  selection. —  The  interpretation  of  the 
facts. —  Concluding  remarks. 

Our  review  of  modern  Darwinism  might  fitly  have  terminated  with 
the  preceding  chapter  ;  but  the  immense  interest  that  attaches  to  the 
origin  of  the  human  race,  and  the  amount  of  misconception  which 
prevails  regarding  the  essential  teachings  of  Darwin's  theory  on  this 
question,  as  well  as  regarding  my  own  special  views  upon  it,  induce  me 
to  devote  a  final  chapter  to  its  discussion. 

To  any  one  who  considers  the  structure  of  man's  body,  even  in  the 
most  superficial  manner,  it  must  be  evident  that  it  is  the  body  of  an 
animal,  differing  greatly,  it  is  true,  from  the  bodies  of  all  other  animals, 
but  agreeing  with  them  in  all  essential  features.  The  bony  structure 
of  man  classes  him  as  a  vertebrate  ;  the  mode  of  suckling  his  young 
classes  him  as  a  mammal ;  his  blood,  his  muscles,  and  his  nerves,  the 
structure  of  his  heart  with  its  veins  and  arteries,  his  lungs  and  his 
whole  respiratory  and  circulatory  systems,  all  closely  correspond  to 
those  of  other  mammals,  and  are  often  almost  identical  with  them. 
He  possesses  the  same  number  of  limbs  terminating  in  the  same  number 
of  digits  as  belong  fundamentally  to  the  mammalian  class.  His  senses 
are  identical  with  theirs,  and  his  organs  of  sense  are  the  same  in  num- 
ber and  occupy  the  same  relative  position.  Every  detail  of  structure 
which  is  common  to  the  mammalia  as  a  class  is  found  also  in  man, 
while  he  only  differs  from  them  in  such  ways  and  degrees  as  the 
various  species  or  groups  of  mammals  differ  from  each  other.  If,  then, 
we  have  good  reason  to  believe  that  every  existing  group  of  mammalia 
has  descended  from  some  common  ancestral  form — as  we  saw  to  be  so 
completely  demonstrated  in  the  case  of  the  horse-tribe, —  and  that  each 
family,  each  order,  and  even  the  whole  class  must  similarly  have 
descended  from  some  much  more  ancient  and  more  generalized  type, 
it  would  be  in  the  highest  degree  improbable — so  improbable  as  to  be 
almost  inconceivable  that  man,  agreeing  with  them  so  closely  in  every 
detail  of  his  structure,  should  have  had  some  quite  distinct  mode  of 
origin.  Let  us, then,  see  what  other  evidence  bears  upon  the  question, 
and  whether  it  is  sufficient  to  convert  the  probability  of  his  animal 
origin  into  a  practical  certainty. 

Rudiments   and  Variations   as  Indicating  the  Relation  of  Man  to 

other  Mammals. 

All  the  higher  animals  present  rudiments  of  organs  which,  though 
useless  to  them,  are  useful  in  some  allied  group,  and  are  believed  to 
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have  descended  from  a  common  ancestor  in  which  they  were  useful. 
Thus  there  are  in  ruminants  rudiments  of  incisor-teeth  which,  in  some 
species,  never  cut  through  the  gums ;  many  lizards  have  external 
rudimentary  legs  ;  while  many  birds,  as  the  Apteryx,  have  quite  rudi- 
mentary wings.  Now  man  possesses  similar  rudiments,  sometimes 
constantly — sometimes  only  occasionally — present,  which  serve  inti- 
mately to  connect  his  bodily  structure  with  that  of  the  lower  animal  e. 
Many  animals,  for  example,  have  a  special  muscle  for  moving  or 
twitching  the  skin.  In  man  there  are  remnants  of  this  in  certain  parts 
of  the  body,  especially  in  the  forehead,  enabling  us  to  raise  our  eye- 
brows ;  but  some  persons  have  it  in  other  parts.  A  few  persons  are  able 
to  move  the  whole  scalp  so  as  to  throw  off  any  object  placed  on 
the  head,  and  this  property  has  been  proved,  in  one  case,  to  be  inher- 
ited. In  the  outer  fold  of  the  ear  there  is  sometimes  a  projecting 
point,  corresponding  in  position  to  the  pointed  ear  of  many  animals, 
and  believed  to  be  a  rudiment  of  it.  In  the  alimentary  canal  there  is 
a  rudiment — the  vermiform  appendage  of  the  caecum — which  is  not 
o •;  iy  useless, but  is  sometimes  a  cause  of  disease  and  death  in  man;  yet 
i.i  many  vegetable-feeding  animals  it  is  very  long",  and  even  in  the 
orangutan  it  is  of  considerable  length  and  convoluted.  So  man 
possesses  rudimentary  bones  of  a  tail  concealed  beneath  the  skin,  and 
iu  sotne  rare  cases  this  forms  a  minute  external  tail. 

The  variability  of  every  part  of  man's  structure  is  very  great,  and 
many  of  these  variations  tend  to  approximate  toward  the  structure  of 
other  animals.  The  courses  of  the  arteries  are  eminently  variable ;  so 
that  for  surgical  purposes  it  has  been  necessary  to  determine  the 
probable  proportion  of  each  variation.  The  muscles  are  so  variable 
that  in  fifty  cases  the  muscles  of  the  foot  wre  found  to  be  not  strictly 
alike  in  any  two,  and  in  some  the  deviations  were  considerable ;  while 
in  thirty-six  subjects  Mr.  J.  Wood  observed  no  fewer  than  558  muscu- 
lar variations.  The  same  author  states  that  in  a  single  male  subject 
there  were  no  fewer  than  seven  muscular  variations,  all  of  which 
plainly  represented  muscles  proper  to  various  kinds  of  apes.  The 
muscles  of  the  hands  and  arms — parts  which  are  so  eminently  charac- 
teristic of  man — are  extremely  liable  to  vary,  so  as  to  resemble  the 
corresponding  muscles  of  the  lower  animals.  That  such  variations  are 
due  to  reversion  to  a  former  state  of  existence  Mr.  Darwin  thinks 
highly  probable,  and  he  adds  :  "  It  is  quite  incredible  that  a  man 
should,  through  mere  accident,  abnormally  resemble  certain  apes  in  no 
less  than  seven  of  bis  muscles,  if  there  had  been  no  genetic  connection 
between  them.  On  the  other  hand,  if  man  is  descended  from  some 
ape-like  creature,  no  valid  reason  can  be  assigned  why  certain  muscles 
should  not  suddenly  reappear  after  an  interval  of  many  thousand  gen- 
erations, in  the  same  manner  as  with  horses,  asses,  and  mules,  dark- 
colored  stripes  suddenly  reappear  on  the  legs  and  shoulders,  after 
an  interval  of  hundreds — or  more  probably  of  thousands — of  genera- 
tions." * 

The  Embryonic  Development   of  Man   and  other  Mammalia. 

The  progressive  development  of  any  vertebrate  from  the  ovum  or 
minute  embryonic  egg  affords  one  of  the  most  marvelous  chapters  in 
Natural  History.  We  see  the  contents  of  the  ovum  undergoing  numer- 
ous definite  changes,  its  interior  dividing  and  subdividing  till  it 

*  Descent  of  Man,  pp.  41-43;  also  pp.  13-15, 
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consists  of  a  mass  of  cells,  then  a  groove  appears  marking  out  the 
median  line  or  vertebral  column  of  the  future  animal,  and  thereafter 
are  slowly  developed  the  various  essential  organs  of  the  body.  After 
describing  in  some  detail  what  takes  place  in  the  case  of  the  ovum  of 
the  dog,  Professor  Huxley  continues :  "  The  history  of  the  development 
of  any  other  vertebrate  animal,  lizard,  snake,  frog,  or  fish,  tells  the  same 
story.  There  is  always,  to  begin  with,  an  egg  having  the  same  essen- 
tial structure  as  that  of  the  dog;  the  yelk  of  that  egg  undergoes 
division  or  segmentation,  as  it  is  called,  the  ultimate  products  of  that 
segmentation  constitue  the  building  materials  for  the  body  of  the 
young  animal ;  and  this  is  built  up  round  a  primitive  groove,  in  the 
floor  of  which  a  notochord  is  developed.  Furthermore,  there  is  a 
period  in  which  the  young  of  all  these  animals  resemble  one  another, 
not  merely  in  outward  form  but  in  all  essentials  of  structure,  so 
closely  that  the  differences  between  them  are  inconsiderable,  while  in 
their  subsequent  course  they  diverge  more  and  more  widely  from  one 
another.  And  it  is  a  general  law  that  the  more  closely  any  animals 
resemble  one  another  in  adult  structure,  the  larger  and  the  more 
intimately  do  their  embryos  resemble  one  another;  so  that,  for  exam- 
ple, the  embryos  of  a  snake  and  of  a  lizard  remain  like  one  another 
longer  than  do  those  of  a  snake  and  a  bird ;  and  the  embryos  of  a  dog 
and  of  a  cat  remain  like  one  another  for  a  far  longer  period  than  do 
those  of  a  dog  and  a  bird,  or  of  a  dog  and  an  opossum,  or  even  than 
those  of  a  dog  and  a  monkey/'* 

We  thus  see  that  the  study  of  development  affords  a  test  of  affinity 
in  animals  that  are  externally  very  much  unlike  each  other ;  and  we 
naturally  ask  how  this  applies  to  man.  Is  he  developed  in  a  different 
way  from  other  mammals,  as  we  should  certainly  expect  if  he  has  had 
a  distinct  and  altogether  different  origin  ?  "  The  reply,"  says  Pro- 
fessor Huxley,  "is  not  doubtful  for  a  moment.  Without  question, 
the  mode  of  origin  and  the  early  stages  of  the  development  of  man 
are  identical  with  those  of  the  animals  immediately  below  him  in  the 
scale."  And  again  he  tells  us :  "  It  is  very  long  before  the  body  of 
the  young  human  being  can  be  readily  discriminated  from  that  of  the 
young  puppy ;  but  at  a  tolerably  early  period  the  two  become  dis- 
tinguishable by  the  different  forms  of  their  adjuncts,  the  yelk-sac  and 
the  allantois";  and  after  describing  these  differences  he  continues : 
"  But  exactly  in  those  respects  in  which  the  developing  man  differs 
from  the  dog,  he  resembles  the  ape.  ...  So  that  it  is  only  quite  in 
the  latter  stages  of  development  that  the  young  human  being  presents 
marked  differences  from  the  young  ape,  while  the  latter  departs  as 
much  from  the  dog  in  its  development  as  the  man  does.  Startling  as 
this  last  assertion  may  appear  to  be,  it  is  demonstrably  true ;  and 
it  alone  appears  to  me  sufficient  to  place  beyond  all  doubt  the 
structural  unity  of  man  with  the  rest  of  the  animal  world,  and  more 
particularly  and  closely  with  the  apes."| 

A  few  of  the  curious  details  in  which  man  passes  through  stages 
common  to  the  lower  animals  may  be  mentioned.  At  one  stage  the 
os  coccyx  projects  like  a  true  tail,  extending  considerably  beyond  the 
rudimentary  legs.  In  the  seventh  month  the  convolutions  of  the  brain 
resemble  those  of  an  adult  baboon.  The  great  toe,  BO  characteristic 

"Man's  Place  in  Nature,  p.  64.. 

t  Man's  Place  in  Nature,  p.  67.  See  Figs,  of  Embryos  of  Man  and  Dog  in 
Darwin's  Descent  of  Man,  p.  10. 
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of  man,  fanning  the  fulcrum  which  most  assists  him  in  standing  erect, 
in  an  early  stage  of  the  embryo  is  much  shorter  than  tiie  other  toes, 
and  instead  of  being  parallel  with  them,  projects  at  an  angle  from  the 
side  of  the  foot,  thus  corresponding  with  its  permanent  condition 
in  the  quadrumma.  Numerous  other  examples  might  be  quoted,  all 
illustrating  the  same  general  law. 

Diseases  Common   to  Man   and  the  Lower  Animals. 

Though  the  fact  is  so  well  known,  it  is  certainly  one  of  profound 
significance  that  many  animal  diseases  can  be  communicated  to  man, 
since  it  shows  similarity,  if  not  identity,  in  the  minute  structure  of 
the  tissues,  the  nature  of  the  blood,  the  nerves,  and  the  brain.  Such 
diseases  as  hydrophobia,  variola,  the  glanders,  cholera,  herpes,  etc., 
c.m  be  transmitted  from  animals  to  man  or  the  reverse;  while  monkeys 
are  liable  to  many  of  the  same  non-contagious  diseases  as  we  are. 
Rengger,  who  carefully  observed  the  common  monkey  (Cebus  Azarce) 
in  Paraguay,  found  it  liable  to  catarrh,  with  the  usual  symptoms,  ter- 
minating sometimes  in  consumption.  These  monkeys  also  suffered 
from  apoplexy,  inflammation  of  the  bowels,  and  cataract  in  the  eye. 
Medicines  produced  the  same  effect  upon  them  as  upon  us.  Many 
kinds  of  monkeys  have  a  strong  taste  for  tea,  coffee,  spirits,  and  even 
tobacco.  These  facts  show  the  similarity  of  the  nerves  of  taste  in 
monkeys  and  in  ourselves,  and  that  their  whole  nervous  system  is 
affected  in  a  similar  way.  Even  the  parasites,  both  external  and 
internal,  that  affect  man  are  not  altogether  peculiar  to  him,  but 
belong  to  the  same  families  or  genera  as  those  which  infest  animals, 
and  in  one  case,  scabies,  even  the  same  species.*  These  curious  facts 
seem  quite  inconsistent  with  the  idea  that  man's  bodily  structure  and 
nature  are  altogether  distinct  from  those  of  animals,  and  have  had  a 
different  origin ;  while  the  facts  are  just  what  we  should  expect  if  he 
has  been  produced  by  descent  with  modification  from  some  common 
ancestor. 

The  Animals   most   nearly  Allied  to  Man. 

By  universal  consent  we  see  in  the  monkey-tribe  a  caricature  of 
humanity.  Their  faces,  their  hands,  their  actions  and  expressions 
present  ludicrous  resemblances  to  our  own.  But  there  is  one  group 
of  this  great  tribe  in  which  this  resemblance  is  greatest,  and  they 
have  hence  been  called  the  anthropoid  or  manlike  apes.  These  are 
few  in  number,  and  inhabit  only  the  equatorial  regions  of  Africa  and 
Asia,  countries  where  the  climate  is  most  uniform,  the  forests  densest, 
and  the  supply  of  fruit  abundant  throughout  the  year.  These  animals 
are  now  comparatively  well  known,  consisting  of  the  orangutan  of 
Borneo  and  Sumatra,  the  chimpanzee  and  the  gorilla  of  West  Africa, 
and  the  group  of  gibbons  or  long-armed  apes,  consisting  of  many 
species  and  inhabiting  Southeastern  Asia  and  the  larger  Malay 
Islands.  These  last  are  far  less  like  man  than  the  other  three,  one 
or  other  of  which  has  at  various  times  been  claimed  to  be  the  most 
manlike  of  the  apes  and  our  nearest  relations  in  the  animal  kingdom. 
The  question  of  the  degree  of  resemblance  of  these  animals  to  our- 
selves is  one  of  great  interest,  leading,  as  it  does,  to  some  important 
conclusions  as  to  our  origin  and  geological  antiquity,  and  we  will 
therefore  briefly  consider  it. 

*  T'>f  Descent  nf  Man,  pp.  7.  8. 
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If  wo  compare  the  skeletons  of  the  orang  or  chimpanzee  with  that 
of  man,  we  find  them  to  be  a  kind  of  distorted  copy,  every  bone  cor- 
responding (with  very  few  exceptions),  but  altered  somewhat  in  size, 
proportions,  and  position.  So  great  is  this  resemblance  that  it  led 
Professor  Owen  to  remark:  "I  can  not  shut  my  eyes  to  the  significance 
of  that  all-pervading  similitude  of  structure — every  tooth,  every  bone, 
strictly  homologous — which  makes  the  determination  of  the  difference 
between  Homo  and  Pithecus  the  anatomist's  difficulty." 

The  actual  differences  in  the  skeletons  of  these  apes  and  that  of 
man — that  is,  differences  dependent  on  the  presence  or  absence  of 
certain  bones,  and  not  on  their  form  or  position — have  been  enumerated 
by  Mr.  Mivart  as  follows:  (1)  In  the  breastbone  consisting  of  but 
two  bones,  man  agrees  with  the  gibbons ;  the  chimpanzee  and  gorilla 
having  this  part  consisting  of  seven  bones  in  a  single  series,  while  in 
the  orang  they  are  arranged  in  a  double  series  of  ten  bones.  (2)  The 
normal  number  of  the  ribs  in  the  orang  and  some  gibbons  is  twelve 
pairs,  as  in  man,  while  in  the  chimpanzee  and  gorilla  there  are  thirteen 
pairs.  (3)  The  orang  and  the  gibbons  also  agree  with  man  in  having 
five  lumbar  vertebrae,  while  in  the  gorilla  and  chimpanzee  there  are 
but  four,  and  sometimes  only  three.  (4)  The  gorilla  and  chimpanzee 
agree  with  man  in  having  eight  small  bones  in  the  wrist,  while  the 
orang  and  the  gibbons,  as  well  as  all  other  monkeys,  have  nine.* 

The  differences  in  the  form,  size,  and  attachments  of  the  various 
bones,  muscles,  and  other  organs  of  these  apes  and  man  are  very 
numerous  and  exceedingly  complex,  sometimes  one  species  sometimes 
another  agreeing  most  nearly  with  ourselves,  thus  presenting  a  tangled 
web  of  affinities  which  it  is  very  difficult  to  unravel.  Estimated  by 
the  skeleton  alone,  the  chimpanzee  and  gorilla  seem  nearer  to  man 
than  the  orang,  which  last  is  also  inferior  as  presenting  certain  aberra- 
tions in  the  muscles.  In  the  form  of  the  ear  the  gorilla  is  more 
human  than  any  other  ape,  while  in  the  tongue  the  organ  is  more 
manlike.  In  the  stomach  and  liver  the  gibbons  approach  nearest 
to  man,  then  come  the  orang  and  chimpanzee,  while  the  gorilla  has 
a  degraded  liver  more  resembling  that  of  the  lower  monkeys  and 
baboons. 

The  Brains  of  Man   and  Apes. 

We  come  now  to  that  part  of  his  organization  in  which  jnan  is  so 
much  higher  than  all  the  lower  animals — the  brain  ;  and  here,  Mr. 
Mivart  iuforms  us,  the  orang  stands  highest  in  rank.  The  height  of 
the  orang's  cerebrum  in  front  is  greater  in  proportion  than  in  either 
the  chimpanzee  or  the  gorilla.  "  On  comparing  the  brain  of  man  with 
the  brains  of  the  orang,  chimpanzee,  and  baboon,  we  find  a  successive 
decrease  in  the  frontal  lobe,  and  a  successive  and  very  great  increase 
in  the  relative  size  of  the  occipital  lobe.  Concomitantly  \\ith  this 
increase  and  decrease,  certain  folds  of  brain-substance  called  'bridging 
convolutions,'  which  in  man  are  conspicuously  interposed  between 
the  parietal  and  occipital  lobes,  seem  as  utterly  to  disappear  in  the 
chimpanzee  as  they  do  in  the  baboon.  In  the  orang,  however,  though 
much  reduced,  they  are  still  to  be  distinguished.  .  .  .  The  actual  and 

*  Man  nn<\  Apes.  By  St.  George  Mivart.  F.R.S..  1873.  It  is  an  interesting 
fact  (for  which  I  am  indebted  to  Mr.  E.  B.  Poult  on)  that  the  human  embryo 
possesses  the  extra  rib  and  wrist-bone  referred  to  above  in  (2)  and  (4)  as  occurring 
in  some  of  the  apes. 
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absolute  mass  of  the  brain  is,  however,  slightly  greater  in  the  chim- 
panzee than  in  the  orang,  as  is  the  relative  vertical  extent  of  the 
middle  part  of  the  cerebrum,  although,  as  already  stated,  the  frontal 
portion  is  higher  in  the  orang ;  while,  according  to  M.  Gratiolet,  the 
gorilla  is  not  only  inferior  to  the  orang  in  cerebral  development,  but 
even  to  his  smaller  African  congener,  the  chimpanzee."* 

Ou  the  whole,  then,  we  find  that  no  one  of  the  great  apes  can  be 
positively  asserted  to  be  nearest  to  man  in  structure.  Each  of  them 
approaches  him  in  certain  characteristics,  while  in  others  it  is  widely 
removed,  giving  the  idea,  so  consonant  with  the  theory  of  evolution 
as  developed  by  Darwin,  that  all  are  derived  from  a  common  ancestor, 
from  which  the  existing  anthropoid  apes  as  well  as  man  have  diverged. 
When,  however,  we  turn  from  the  details  of  anatomy  to  peculiarities 
of  external  form  and  motions,  we  find  that,  in  a  variety  of  characters, 
all  these  apes  resemble  each  other  and  differ  from  man,  so  that  we 
may  fairly  say  that,  while  they  have  diverged  somewhat  from  each 
other,  they  have  diverged  much  more  widely  from  ourselves.  Let  us 
briefly  enumerate  some  of  these  differences. 

External  Differences   of  Man   and  Apes. 

All  apes  have  large  canine  teeth,  while  in  man  these  are  no  longer 
than  the  adjacent  incisors  or  premolars,  the  whole  forming  a  perfectly 
even  series.  In  apes  the  arms  are  proportionately  much  longer  than 
in  man,  while  the  thighs  are  much  shorter.  No  ape  stands  really 
erect,  a  posture  which  is  natural  in  man.  The  thumb  is  proportion- 
ately larger  in  man,  and  more  perfectly  opposable  than  in  that  of  any 
ape.  The  foot  of  man  differs  largely  from  that  of  all  apes,  in  the 
horizontal  sole,  the  projecting  heel,  the  short  toes,  and  the  powerful 
great  toe  firmly  attached  parallel  to  the  other  toes;  all  perfectly 
adapted  for  maintaining  the  erect  posture,  and  for  free  motion  with- 
out any  aid  from  the  arms  or  hands.  In  apes  the  foot  is  formed  almost 
exactly  like  our  hand,  with  a  large  thumblike  great  toe  quite  free 
from  the  other  toes,  and  so  articulated  as  to  be  opposable  to  them ; 
forming  with  the  long  fingerlike  toes  a  perfect  grasping  hand.  The 
sole  can  not  be  placed  horizontally  on  the  ground ;  but  when  standing 
on  a  level  surface  the  animal  rests  on  the  outer  edge  of  the  foot  with 
the  finger  and  thumblike  toes  partly  closed,  while  the  hands  arc 
placed  on  the  ground  resting  on  the  knuckles.  The  illustration  on 
the  next  page  (Fig.  37)  shows,  fairly  well,  the  peculiarities  of  the 
hands  and  feet  of  the  chimpanzee,  and  their  marked  differences,  both 
in  form  and  use,  from  those  of  man. 

The  four  limbs,  with  the  peculiarly  formed  feet  and  hands,  are 
those  of  arboreal  animals  which  only  occasionally  and  awkwardly 
move  on  level  ground.  The  arms  are  used  in  progression  equally 
with  the  feet,  and  the  hands  are  only  adapted  for  uses  similar  to  those 
of  our  hands  when  the  animal  is  at  rest.,  and  then  but  clumsily. 
Lastly,  the  apes  are  all  hairy  animals,  like  the  majority  of  other  mam- 
mals, man  alone  having  a  smooth  and  almost  naked  skin.  These 
numerous  and  striking  differences,  even  more  than  those  of  the 
skeleton  and  internal  anatomy,  point  to  an  enormously  remote  epoch 
when  the  race  that  was  ultimately  to  develop  into  man  diverged  from 
that  other  stock  which  continued  the  animal  type  and  ultimately 
produced  the  existing  varieties  of  anthropoid  apes. 

*  Man  and  Apes,  pp.  138,  144. 
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Summary   of  the  Animal  Characteristics   of  Man. 

The  facts  now  very  briefly  summarized  amount  almost  to  a  dem- 
onstration that  man,  in  his  bodily  structure,  has  been  derived  from 
the  lower  animals,  of  which  he  is  the  culminating  development.  In 
his  possession  of  rudimentary  structures  which  are  functional  in  some 
of  the  mammalia ;  in  the  numerous  variations  of  his  muscles  and  other 
organs  agreeing  with  characters  which  are  constant  in  some  apes ;  in 
his  embryonic  development,  absolutely  identical  in  character  with  that 
of  mammalia  in  general,  and  closely  resembling  in  its  details  that  of 
the  higher  quadrumana;  in  the  diseases  which  he  has  in  common 
with  other  mammalia ;  and  in  the  wonderful  approximation  of  his 
skeleton  to  those  of  one  or  other  of  the  anthropoid  apes ; — we  have  an 
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FIG.  37.  —  Chimpanzee  (Troglodytes  niger). 


amount  of  evidence  in  this  direction  which  it  seems  impossible  to 
explain  away.  And  this  evidence  will  appear  more  forcible  if  we 
consider  for  a  moment  what  the  rejection  of  it  implies.  For  the  only 
alternative  supposition  is,  that  man  has  been  specially  created,  —  that 
is  to  say,  has  been  produced  in  some  quite  different  way  from  other 
animals  and  altogether  independently  of  them.  But  in  that  case  the 
rudimentary  structures,  the  animal-like  variations,  the  identical  course 
of  development,  and  all  the  other  animal  characteristics  he  possesses 
are  deceptive,  and  inevitably  lead  us,  as  thinking  beings  making  use 
of  the  reason  which  is  our  noblest  and  most  distinctive  feature,  into 
gross  error. 

We  can  not  believe,  however,  that  a  careful  study  of  the  facts  of 
Nature  leads  to  conclusions  directly  opposed  to  the  truth  ;  and,  as  we 
seek  in  vain,  in  our  physical  structure  and  the  course  of  its  develop- 
ment, for  any  indication  of  an  origin  independent  of  the  rest  of  the 
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animal  world,  we  are  compelled  to  reject  tbe  idea  of  "  special  creation** 
for  man,  as  being  entirely  unsupported  by  facts  &s  w«ll  ai  in  tbe 
highest  degree  improbable. 

The  Geological  Antiquity  of  Man, 

The  evidence  we  now  possess  of  the  exact  nature  of  the  resemblance 
of  man  to  the  various  species  of  anthropoid  apes,  shows  us  that  he  has 
little  special  affinity  for  any  one  rather  than  another  species,  while  he 
differs  from  them  all  in  several  important  characters  in  which  they 
agree  with  each  other.  The  conclusion  to  be  drawn  from  these  facts 
is,  that  his  points  of  affinity  connect  him  with  the  whole  group,  while 
his  special  peculiarities  equally  separate  him  from  the  whole  group, 
and  that  he  must,  therefore,  have  diverged  from  the  common  ancestral 
form  before  the  existing  types  of  anthropoid  apes  had  diverged  from 
each  other.  Now,  this  divergence  almost  certainly  took  place  as  early 
as  the  Miocene  period,  because  in  the  Upper  Miocene  deposits  of 
Western  Europe  remains  of  two  species  of  ape  have  been  found  allied 
to  the  gibbons,  one  of  them,  Dryopithecu,s,  nearly  as  large  as  a  man, 
and  believed  by  M.  Lartet  to  have  approached  man  in  its  dentition 
more  than  the  existing  apes.  We  seem  hardly,  therefore,  to  have 
reached,  in  the  Upper  Miocene,  the  epoch  of  the  common  ancestor  of 
man  and  the  anthropoids. 

The  evidence  of  the  antiquity  of  man  himself  is  also  scanty,  and 
takes  us  but  very  little  way  back  into  the  past.  We  have  clear  proof 
of  his  existence  in  Europe  in  the  latter  stages  of  the  glacial  epoch, 
with  many  indications  of  his  presence  in  interglacial  or  even  preglacial 
times ;  while  both  the  actual  remains  and  the  works  of  man  found  in 
the  auriferous  gravels  of  California  deep  under  lava-flows  of  Pliocene 
age,  show  that  he  existed  in  the  New  World  at  least  as  early  as  in  the 
Old.*  These  earliest  remains  of  man  have  been  received  with  doubt, 
and  even  with  ridicule,  as  if  there  were  some  extreme  improbability  in 
them.  But,  in  point  of  fact,  the  wonder  is  that  human  remains  have 
not  been  found  more  frequently  in  preglacial  deposits.  Referring  to 
the  most  ancient  fossil-remains  found  in  Europe  —  the  Engis  and 
Neanderthal  crania, —  Professor  Huxley  makes  the  following  weighty 
remark:  "In  conclusion,  I  may  say  that  the  fossil-remains  of  Man 
hitherto  discovered  do  not  seem  to  me  to  take  us  appreciably  nearer 
to  that  lower  pithecoid  form,  by  the  modification  of  which  he  has 
probably  become  what  he  is."  The  Californian  remains  and  works  of 
art  above  referred  to  give  no  indication  of  a  specially  low  form  of 
man ;  and  it  remains  an  unsolved  problem  why  no  traces  of  the  long 
line  of  man's  ancestors,  back  to  the  remote  period  when  he  first 
branched  off  from  the  pithecoid  type,  have  yet  been  discovered. 

It  has  been  objected  by  some  writers — notably  by  Professor  Boyd 
Dawkins — that  man  did  not  probably  exist  in  Pliocene  times,  because 
almost  all  the  known  mammalia  of  that  epoch  are  distinct  species  from 
those  now  living  on  the  earth,  and  that  the  same  changes  of  the 
environment  which  led  to  the  modification  of  other  mammalian  species 
would  also  have  led  to  a  change  in  man.  But  this  argument  overlooks 
the  fact  that  man  differs  essentially  from  all  other  mammals  in  this 
respect,  that  whereas  any  important  adaptation  to  new  conditions  can 
be  effected  in  them  only  by  a  change  in  bodily  structure,  man  is  able 

*  For  a  sketch  of  the  evidence  of  Man's  Antiquity  in  America,  see  The  Nine- 
teenth Century  for  November,  1887. 
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to  adapt  himself  to  much  greater  changes  of  conditions  by  a  mental 
development  leading  him  to  the  use  of  fire,  of  tools,  of  clothing,  of 
improved  dwellings,  of  nets  and  snares,  and  of  agriculture.  By  the 
help  of  these,  without  any  change  whatever  in  his  bodily  structure,  he 
has  been  able  to  spread  over  and  occupy  the  whole  earth ;  to  dwell 
securely  in  forest,  plain,  or  mountain  ;  to  inhabit  alike  the  burning 
desert  or  the  arctic  wastes ;  to  cope  with  every  kind  of  wild  beast ; 
and  to  provide  himself  with  food  in  districts  where,  as  an  animal 
trusting  to  Nature's  unaided  productions,  he  would  have  starved.* 

It  follows,  therefore,  that  from  the  time  when  the  ancestral  man 
first  walked  erect,  with  hands  freed  from  any  active  part  in  locomotion, 
and  when  his  brain-power  became  sufficient  to  cause  him  to  use  his 
hands  in  making  weapons  and  tools,  houses  and  clothing,  to  use  fire 
for  cooking,  and  to  plant  seeds  or  roots  to  supply  himself  with  stores 
of  food,  the  power  of  natural  selection  would  cease  to  act  in  producing 
modifications  of  his  body,  but  would  continuously  advance  his  mind 
through  the  development  of  its  organ,  the  brain.  Hence  man  may 
have  become  man — the  specie^  Homo  sapiens — even  in  the  Miocene 
period ;  and  while  all  other  mammals  were  becoming  modified  from 
age  to  age  under  the  influence  of  ever-changing  physical  and  biological 
conditions,  he  would  be  advancing  mainly  in  intelligence,  but  perhaps 
also  in  stature,  and  by  that  advance  alone  would  be  able  to  maintain 
himself  as  the  master  of  all  other  animals  and  as  the  most  widespread 
occupier  of  the  earth.  It  is  quite  in  accordance  with  this  view  that  we 
find  the  most  pronounced  distinction  between  man  and  the  anthropoid 
apes  in  the  size  and  complexity  of  his  brain.  Thus,  Professor  Huxley 
tells  us  that  "it  may  be  doubted  whether  a  healthy  human  adult  brain 
ever  weighed  less  than  31  or  32  ounces,  or  that  the  heaviest  gorilla 
brain  has  exceeded  20  ounces,"  although  "a  full-grown  gorilla  is 
probably  pretty  nearly  twice  as  heavy  as  a  Bosjesmau,  or  as  many  an 
European  woman."  f  The  average  human  brain,  however,  weighs  48 
or  49  ounces,  and  if  we  take  the  average  ape's  brain  at  only  2  ounces 
less  than  the  very  largest  gorilla's  brain,  or  18  ounces,  we  shall  see 
better  the  enormous  increase  which  has  taken  place  in  the  brain  of 
man  since  the  time  when  he  branched  off  from  the  apes ;  and  this 
increase  will  be  still  greater  if  we  consider  that  the  brains  of  apes,  like 
those  of  all  other  mammals,  have  also  increased  from  earlier  to  later 
geological  times. 

If  these  various  considerations  are  taken  into  account,  we  must 
conclude  that  the  essential  features  of  man's  structure  as  compared 
with  that  of  apes — his  erect  posture  and  free  hands — were  acquired  at 
a  comparatively  early  period,  and  were,  in  fact,  the  characteristics 
which  gave  him  his  superiority  over  other  mammals,  and  started  him 
on  the  line  of  development  which  has  led  to  his  conquest  of  the  world. 
But  during  this  long  and  steady  development  of  brain  and  intellect, 
mankind  must  have  continuously  increased  in  numbers  and  in  the  area 
which  they  occupied, —  they  must  have  formed  what  Darwin  terms  a 
"  dominant  race."  For  had  they  been  few  in  numbers  and  confined  to  a 
limited  area,  they  could  hardly  have  successfully  struggled  against 
the  numerous  fierce  carnivora  of  that  period,  and  against  those  adverse 
influences  which  led  to  the  extinction  of  so  many  more  powerful  an- 

*  This  subject  was  first  discussed  in  an  article  in  the  Anthropological  Review, 
May,  1864,  and  republished  in  my  Contributions  to  Xut/trc/1  Selection,  chap,  ix,  in 
1870  *  '.r"«'*  Place,  in  Nature,  p.  102. 
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imals.  A  large  population  spread  over  an  extensive  area  is  also  needed 
to  supply  an  adequate  number  of  brain-variations  for  man's  progressive 
improvement.  But  this  large  population  and  long-continued  develop- 
ment in  a  single  line  of  advance  renders  it  the  more  difficult  to  account 
for  the  complete  absence  of  human  or  prehuman  remains  in  all  those 
deposits  which  have  furnished,  in  such  rich  abundance,  the  remains  of 
other  land-animals.  It  is  true  that  the  remains  of  apes  are  also  very 
rare,  and  we  may  well  suppose  that  the  superior  intelligence  of  man 
led  him  to  avoid  that  extensive  destruction  by  flood  or  in  morass 
which  seems  to  have  often  overwhelmed  other  animals.  Yet,  when 
we  consider  that,  even  in  our  own  day,  men  are  not  unfrequently 
overwhelmed  by  volcanic  eruptions,  as  in  Java  and  Japan,  or  carried 
away  in  vast  numbers  by  floods,  as  in  Bengal  and  China,  it  seems 
impossible  but  that  ample  remains  of  Miocene  and  Pliocene  man  do 
exist  buried  in  the  most  recent  layers  of  the  earth's  crust,  and  that 
more  extended  research  or  some  fortunate  discovery  will  some  day 
bring  them  to  light. 

The  Probable  Birthplace   of  Man. 

It  has  usually  been  considered  that  the  ancestral  form  of  man 
originated  in  the  tropics,  where  vegetation  is  most  abundant  and  the 
climate  most  equable.  But  there  are  some  important  objections  to 
this  view.  The  anthropoid  apes,  as  well  as  most  of  the  monkey-tribe, 
are  essentially  arboreal  in  their  structure,  whereas  the  great  dis- 
tinctive character  of  man  is  his  special  adaptation  to  terrestrial 
locomotion.  We  can  hardly  suppose,  therefore,  that  he  originated  in 
a  forest-region,  where  fruits  to  be  obtained  by  climbing  are  the  chief 
vegetable  food.  It  is  more  probable  that  he  began  his  existence  on 
the  open  plains  or  high  plateaus  of  the  temperate  or  subtropical 
zone,  where  the  seeds  of  indigenous  cereals,  and  numerous  herbivora, 
rodents,  and  game-birds,  with  fishes  and  mollusks  in  the  lakes,  rivers, 
and  seas,  supplied  him  with  an  abundance  of  varied  food.  In  such  a 
region  he  would  develop  skill  as  a  hunter,  trapper,  or  fisherman,  and 
later  as  a  herdsman  and  cultivator, —  a  succession  of  which  we  find 
indications  in  the  palaeolithic  and  neolithic  races  of  Europe. 

In  seeking  to  determine  the  particular  areas  in  which  his  earliest 
traces  are  likely  to  be  found,  we  are  restricted  to  some  portion  of  the 
Eastern  hemisphere,  where  alone  the  anthropoid  apes  exist,  or  have 
apparently  ever  existed. 

There  is  good  reason  to  believe,  also,  that  Africa  must  be  excluded, 
because  it  is  known  to  have  been  separated  from  the  northern  con- 
tinent in  early  tertiary  times,  and  to  have  acquired  its  existing  fauna 
of  the  higher  mammalia  by  a  later  union  with  that  continent  after  the 
separation  from  it  of  Madagascar,  an  island  which  has  preserved  for 
us  a  sample,  as  it  were,  of  the  early  African  mammalian  fauna,  from 
which  not  only  the  anthropoid  apes  but  all  the  higher  quadrumana 
are  absent.*  There  remains  only  the  great  Euro- Asiatic  continent; 
and  its  enormous  plateaus,  extending  from  Persia  right  across  Tibet 
and  Siberia  to  Manchuria,  afford  an  area,  some  part  or  other  of  which 
probably  offered  suitable  conditions,  in  late  Miocene  or  early  Pliocene 
times,  for  the  development  of  ancestral  man. 

It  is  in  this  area  that  we  still  find  that  type  of  mankind  —  the 

*  For  a  full  discussion  of  this  question  see  the  author's  Geographical  Distribu- 
tion of  Animals,  vol.  i.  p.  285. 
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Mongolian  —  which  retains  a  color  of  the  skin  midway  between  th« 
black  or  brown-black  of  the  negro,  and  the  ruddy  or  olive-white  of 
the  Caucasian  types, —  a  color  which  still  prevails  over  all  Northern 
Asia,  over  th»  American  continents,  and  over  much  of  Polynesia. 
From  this  primary  tint  arose,  under  the  influence  of  varied  conditions, 
and  probably  in  correlation  with  constitutional  changes  adapted  to 
peculiar  climates,  the  varied  tints  which  still  exist  among  mankind. 
If  the  reasoning  by  which  this  conclusion  is  reached  be  sound,  and  all 
the  earlier  stages  of  man's  development  from  an  animal-form  occurred 
in  the  area  now  indicated,  we  can  better  understand  how  it  is  that  we 
have  as  yet  met  with  no  traces  of  the  missing  links,  or  even  of  man's 
existence  during  late  tertiary  times,  because  no  part  of  the  world  is  so 
entirely  unexplored  by  the  geologist  as  this  very  region.  The  area 
in  question  is  sufficiently  extensive  and  varied  to  admit  of  primeval 
man  having  attained  to  a  considerable  population,  and  having  de- 
veloped in  full  human  characteristics,  both  physical  or  mental,  before 
there  was  any  need  for  him  to  migrate  beyond  its  limits.  One  of  his 
earliest  important  migrations  was  probably  into  Africa,  where,  spread- 
ing westward,  he  became  modified  in  color  and  hair  in  correlation  with 
physiological  changes  adapting  him  to  the  climate  of  the  equatorial 
lowlands.  Spreading  northwestward  into  Europe  the  moist  and  cool 
climate  led  to  a  modification  of  an  opposite  character,  and  thus  may 
have  arisen  the  three  great  human  types  which  still  exist.  Somewhat 
later,  probably,  he  spread  eastward  into  Northwest  America  and  soon 
scattered  himself  over  the  whole  continent ;  and  all  this  may  well 
have  occurred  in  early  or  middle  Pliocene  times.  Thereafter,  at  very 
long  intervals,  successive  waves  of  migrations  carried  him  into  every 
part  of  the  habitable  world,  and  by  conquest  and  intermixture  led 
ultimately  to  that  puzzling  gradation  of  types  which  the  ethnologist 
in  vain  seeks  to  unravel. 

The  Origin   of  the  Moral  and  Intellectual  Nature   of  Man. 

From  the  foregoing  discussion  it  will  be  seen  that  I  fully  accept 
Mr.  Darwin's  conclusion  as  to  the  essential  identity  of  man's  bodily 
structure  with  that  of  the  higher  mammalia,  and  his  descent  from 
some  ancestral  form  common  to  man  and  the  anthropoid  apes.  The 
evidence  of  such  descent  appears  to  me  to  be  overwhelming  and  con- 
clusive. Again,  as  to  the  cause  and  method  of  such  descent  and 
modification,  we  may  admit,  at  all  events  provisionally,  that  the  laws 
of  variation  and  natural  selection,  acting  through  the  struggle  for 
existence  and  the  continual  need  of  more  perfect  adaptation  to  the 
physical  and  biological  environments,  may  have  brought  about  first 
that  perfection  of  bodily  structure  in  which  he  is  so  far  above  all 
other  animals,  and  in  co-ordination  with  it  the  larger  and  more 
developed  brain,  by  means  of  which  he  has  been  able  to  utilize  that 
structure  in  the  more  and  more  complete  subjection  of  the  whole 
animal  and  vegetable  kingdom  to  his  service. 

But  this  is  only  the  beginning  of  Mr.  Darwin's  work,  since  he  goes 
on  to  discuss  the  moral  nature  and  mental  faculties  of  man,  and 
derives  these  too  by  gradual  modification  and  development  from  the 
lower  animals.  Although,  perhaps,  nowhere  distinctly  formulated, 
his  whole  argument  tends  to  the  conclusion  that  man's  entire  nature 
and  all  his  faculties — whether  moral,  intellectual,  or  spiritual, —  have 
been  derived  from  their  rudiments  in  the  lower  animals,  in  the  same 
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manner  and  by  the  action  of  the  same  general  laws  as  his  physical 
•tructure  has  been  derived.  As  this  conclusion  appears  to  me  not 
to  be  supported  by  adequate  evidence,  and  to  be  directly  opposed  to 
many  well-ascertained  facts,  I  propose  to  devote  a  brief  space  to  its 
discussion. 

The  Argument  from  Continuity. 

Mr.  Darwin's  mode  of  argument  consists  in  showing  that  the  • 
rudiments  of  most,  if  not  of  all,  the  mental  and  moral  faculties  of  man 
can  be  detected  in  some  animals.  The  manifestations  of  intelligence, 
amounting  in  some  cases  to  distinct  acts  of  reasoning,  in  many 
animals,  are  adduced  as  exhibiting  in  a  much  less  degree  the  intel- 
ligence and  reason  of  man.  Instances  of  curiosity,  imitation,  attention, 
wonder,  and  memory,  are  given;  while  examples  are  also  adduced 
which  may  be  interpreted  as  proving  that  animals  exhibit  kindness  to 
their  fellows,  or  manifest  pride,  contempt,  and  shame.  Some  are  said 
to  have  the  rudiments  of  language,  because  they  utter  several  different 
sounds,  each  of  which  has  a  definite  meaning  to  their  fellows  or  to 
their  young ;  others  the  rudiments  of  arithmetic,  because  they  seem 
to  count  and  remember  up  to  three,  four,  or  even  five.  A  sense  of 
beauty  is  imputed  to  them  on  account  of  their  own  bright  colors  or 
the  use  of  colored  objects  in  their  nests ;  while  dogs,  cats,  and  horses, 
are  said  to  have  imagination,  because  they  appear  to  be  disturbed  by 
dreams.  Even  some  distant  approach  to  the  rudiments  of  religion  is 
said  to  be  found  in  the  deep  love  and  complete  submission  of  a  dog 
to  his  master.* 

Turning  from  animals  to  man,  it  is  shown  that  in  the  lowest 
savages  many  of  these  faculties  are  very  little  advanced  from  the 
condition  in  which  they  appear  in  the  higher  animals ;  while  others, 
although  fairly  well  exhibited,  are  yet  greatly  inferior  to  the  point  of 
development  they  have  reached  in  civilized  races.  In  particular,  the 
moral  sense  is  said  to  have  been  developed  from  the  social  instincts 
of  savages,  and  to  depend  mainly  on  the  enduring  discomfort  pro- 
duced by  any  action  which  excites  the  general  disapproval  of  the 
tribe.  Thus,  every  act  of  an  individual  which  is  believed  to  be 
contrary  to  the  interests  of  the  tribe,  excites  its  unvarying  disap- 
probation and  is  held  to  be  immoral ;  while  every  act,  on  the  other 
hand,  which  is,  as  a  rule,  beneficial  to  the  tribe,  is  warmly  and  con- 
stantly approved,  and  is  thus  considered  to  be  right  or  moral.  From 
the  mental  struggle,  when  an  act  that  would  benefit  self  is  injurious 
to  the  tribe,  there  arises  conscience ;  and  thus  the  social  instincts  are 
the  foundation  of  the  moral  sense  and  of  the  fundamental  principles 
of  morality.f 

The  question  of  the  origin  and  nature  of  the  moral  sense  and  of 
conscience  is  far  too  vast  and  complex  to  be  discussed  here,  and  a 
reference  to  it  has  been  introduced  only  to  complete  the  sketch  of 
Mr.  Darwin's  view  of  the  continuity  and  gradual  development  of  all 
human  faculties  from  the  lower  animals  up  to  savages,  and  from 
savage  up  to  civilized  man.  The  point  to  which  I  wish  specially  to 
call  attention  is,  that  to  prove  continuity  and  the  progressive  develop- 
ment of  the  intellectual  and  moral  faculties  from  animals  to  man  is 
not  the  same  as  proving  that  these  faculties  have  been  developed  by 

*  For  a  full  discussion  of  all  these  points  see  Descent  of  Man,  chap.  iii. 

t  Jfrmvnt  of  Man.  chap.  iv. 
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natural  selection ;  and  this  last  is  what  Mr.  Darwin  has  hardly 
attempted,  although  to  support  his  theory  it  was  absolutely  essential 
to  prove  it.  Because  man's  physical  structure  has  been  developed 
from  an  animal  form  by  natural  selection,  it  does  not  necessarily 
follow  that  his  mental  nature,  even  though  developed  pari  passu  with 
it,  has  been  developed  by  the  same  causes  only. 

To  illustrate  by  a  physical  analogy.  Upheaval  and  depression  of 
land,  combined  with  subaerial  denudation  by  wind  and  frost,  rain  and 
rivers,  and  marine  denudation  on  coast-lines,  were  long  thought  to 
account  for  all  the  modeling  of  the  earth's  surface  not  directly  due 
to  volcanic  action ;  and  in  the  early  editions  of  Lyell's  Principles  of 
Geology  these  are  the  sole  causes  appealed  to.  But  when  the  action 
of  glaciers  was  studied  and  the  recent  occurrence  of  a  glacial  epoch 
demonstrated  as  a  fact,  many  phenomena  —  such  as  moraines  and 
other  gravel  deposits,  boulder-clay,  erratic  boulders,  grooved  and 
rounded  rocks,  and  Alpine  lake-basins — were  seen  to  be  due  to  this 
altogether  distinct  cause.  There  was  no  breach  of  continuity,  no 
sudden  catastrophe ;  the  cold  period  came  on  and  passed  away  in  the 
most  gradual  manner,  and  its  effects  often  passed  insensibly  into 
those  produced  by  denudation  or  upheaval ;  yet  none  the  less  a  new 
agency  appeared  at  a  definite  time,  and  new  effects  were  produced 
which,  though  continuous  with  preceding  effects,  were  not  due  to  the 
same  causes.  It  is  not,  therefore,  to  be  assumed,  without  proof  or 
against  independent  evidence,  that  the  later  stages  of  an  apparently 
continuous  development  are  necessarily  due  to  the  same  causes  only 
as  the  earlier  stages.  Applying  this  argument  to  the  case  of  man's 
intellectual  and  moral  nature,  I  propose  to  show  that  certain  definite 
portions  of  it  could  not  have  been  developed  by  variation  and  natural 
selection  alone ;  and  that,  therefore,  some  other  influence,  law,  or 
agency  is  required  to  account  for  them.  If  this  can  be  clearly  shown 
for  any  one  or  more  of  the  special  faculties  of  intellectual  man,  we 
shall  be  justified  in  assuming  that  the  same  unknown  cause  or  power 
may  have  had  a  much  wider  influence,  and  may  have  profoundly 
influenced  the  whole  course  of  his  development. 

The  Origin  of  the  Mathematical  Faculty. 

We  have  ample  evidence  that,  in  all  the  lower  races  of  man,  what 
may  be  termed  the  mathematical  faculty  is  either  absent,  or,  if  present, 
quite  unexercised.  The  Bushmen  and  the  Brazilian  Wood-Indians  are 
said  not  to  count  beyond  two.  Many  Australian  tribes  only  have 
words  for  one  and  two,  which  are  combined  to  make  three,  four,  five, 
or  six,  beyond  which  they  do  not  count.  The  Damaras  of  South 
Africa  only  count  to  three ;  and  Mr.  Galton  gives  a  curious  description 
of  how  one  of  them  was  hopelessly  puzzled  when  he  had  sold  two 
sheep  for  two  sticks  of  tobacco  each,  and  received  four  sticks  in  pay- 
ment. He  could  only  find  out  that  he  was  correctly  paid  by  taking 
two  sticks  and  then  giving  one  sheep,  then  receiving  two  sticks  more 
and  giving  the  other  sheep.  Even  the  comparatively  intellectual 
Zulus  can  only  count  up  to  ten  by  using  the  hands  and  fingers.  The 
Ahts  of  Northwest  America  count  in  nearly  the  same  manner,  and 
most  of  the  tribes  of  South  America  are  no  further  advanced.*  The 
Kaffirs  have  great  herds  of  cattle,  and  if  one  is  lost  they  miss  it  im- 

*  Lubbock's  Origin  of  Civilization,  fourth  edition,  pp.  434-440 ;  also,  Tyler's 
Primitive  Culture,  chap.  vii. 
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mediately,  but  this  is  not  by  counting,  but  by  noticing  the  absence  of 
one  they  know ;  just  as  in  a  large  family  or  a  school  a  boy  is  missed 
without  going  through  the  process  of  counting.  Somewhat  higher 
races,  as  the  Esquimaux,  can  count  up  to  twenty  by  using  the  hands 
and  feet;  and  other  races  get  even  further  than  this  by  saying  "one 
man"  for  twenty,  "two  men"  for  forty,  and  so  on,  equivalent  to  our 
rural  mode  of  reckoning  by  scores.  From  the  fact  that  so  many  of 
the  existing  savage  races  can  only  count  to  four  or  five,  Sir  John 
Lubbock  thinks  it  improbable  that  our  earliest  ancestors  could  have 
counted  as  high  as  ten.* 

When  we  turn  to  the  more  civilized  races,  we  find  the  use  of 
numbers  and  the  art  of  counting  greatly  extended.  Even  the  Tongas 
of  the  South  Sea  islands  are  said  to  have  been  able  to  count  as  high 
as  100,000.  But  mere  counting  does  not  imply  either  the  possession 
or  the  use  of  anything  that  can  be  really  called  the  mathematical 
faculty,  the  exercise  of  which  in  any  broad  sense  has  only  been  possible 
since  the  introduction  of  the  decimal  notation.  The  Greeks,  the 
Romans,  the  Egyptians,  the  Jews,  and  the  Chinese,  had  all  such  cum- 
brous systems  that  anything  like  a  science  of  arithmetic,  beyond  very 
simple  operations,  was  impossible ;  and  the  Roman  system,  by  which 
the  year  1888  would  be  written  MDCCCLXXXVIH,  was  that  in 
common  use  in  Europe  down  to  the  fourteenth  or  fifteenth  centuries, 
and  even  much  later  in  some  places.  Algebra,  which  was  invented  by 
the  Hindoos,  from  whom  also  came  the  decimal  notation,  was  not 
introduced  into  Europe  till  the  thirteenth  century,  although  the 
Greeks  had  some  acquaintance  with  it ;  and  it  reached  Western  Eu- 
rope from  Italy  only  in  the  sixteenth  century,  f  It  was,  no  doubt, 
owing  to  the  absence  of  a  sound  system  of  numeration  that  the 
mathematical  talent  of  the  Greeks  was  directed  chiefly  to  geometry,  in 
which  science  Euclid,  Archimedes,  and  others,  made  such  brilliant  dis- 
coveries. It  is,  however,  during  the  last  three  centuries  only  that  the 
civilized  world  appears  to  have  become  conscious  of  the  possession  of 
a  marvelous  faculty  which,  when  supplied  with  the  necessary  tools  in 
the  decimal  notation,  the  elements  of  algebra  and  geometry,  and  the 
power  of  rapidly  communicating  discoveries  and  ideas  by  the  art  of 
printing,  has  developed  to  an  extent,  the  full  grandeur  of  which  can 
be  appreciated  only  by  those  who  have  devoted  some  time  (even  if 
unsuccessfully)  to  the  study. 

The  facts  now  set  forth  as  to  the  almost  total  absence  of  mathe- 
matical faculty  in  savages  and  its  wonderful  development  in  quite 
recent  times  are  exceedingly  suggestive,  and  in  regard  to  them  we  are 
limited  to  two  possible  theories.  Either  prehistoric  and  savage  man 
did  not  possess  this  faculty  at  all  (or  only  in  its  merest  rudiments), 
or  they  did  possess  it,  but  had  neither  the  means  nor  the  incite- 
ments for  its  exercise.  In  the  former  case  we  have  to  ask  by  what 
means  has  this  faculty  been  so  rapidly  developed  in  all  civilized  races, 

*  It  has  been  recently  stated  that  some  of  these  facts  are  erroneous,  and  that 
some  Australians  can  keep  accurate  reckoning  up  to  100,  or  more,  when  required. 
But  this  does  not  alter  the  general  fact  that  many  low  races,  including  the  Aus- 
tralians, have  no  words  for  high  numbers  and  never  require  to  use  them.  If  they 
are  now,  with  a  little  practice,  able  to  count  much  higher,  this  indicates  the  pos- 
session of  a  faculty  which  could  not  have  been  developed  under  the  law  of  utility 
only,  since  the  absence  of  words  for  such  high  numbers  shows  that  they  were 
neither  used  nor  required. 

t  Article  "Arithmetic"  in  Eng.  Cyc.  of  Arts  and  Sciences. 
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many  of  which  a  few  centuries  back  were,  in  this  respect,  almost 
•avagee  themselves  ;  while  in  the  latter  case  the  difficulty  is  etill 
greater,  for  we  have  to  assume  the  existence  of  a  faculty  which  had 
never  been  used  either  by  the  supposed  possessors  of  it  or  by  th«ir 
ancestors. 

Let  us  take,  then,  the  least  difficult  supposition — that  savages 
possessed  only  the  mere  rudiments  of  the  faculty,  such  as  their  ability 
to  count,  sometimes  up  to  ten,  but  with  an  utter  inability  to  perform 
the  very  simplest  processes  of  arithmetic  or  of  geometry — and  inquire 
how  this  rudimentary  faculty  became  rapidly  developed  into  that  of  a 
Newton,  a  La  Place,  a  Gauss,  or  a  Cayley.  We  will  admit  that  there  is 
every  possible  gradation  between  these  extremes,  and  that  there  has 
been  perfect  continuity  in  the  development  of  the  faculty ;  but  we  ask, 
What  motive-power  caused  its  development  ? 

It  must  be  remembered  that  we  are  here  dealing  solely  with  the 
capability  of  the  Darwinian  theory  to  account  for  the  origin  of  the 
mind,  as  well  as  it  accounts  for  the  origin  of  the  body  of  man,  and  we 
must,  therefore,  recall  the  essential  features  of  that  theory.  These  are 
— the  preservation  of  useful  variations  in  the  struggle  for  life ;  that  no 
creature  can  be  improved  beyond  its  necessities  for  the  time  being ; 
that  the  law  acts  by  life  and  death,  and  by  the  survival  of  the  fittest. 
We  have  to  ask,  therefore,  what  relation  the  successive  stages  of 
improvement  of  the  mathematical  faculty  had  to  the  life  or  death  of 
its  possessors ;  to  the  struggles  of  tribe  with  tribe,or  nation  with  nation  : 
or  to  the  ultimate  purvival  of  one  race  and  the  extinction  of  another. 
If  it  can  not  possibly  have  had  any  such  effects,  then  it  can  not  hare 
been  produced  by  natural  selection. 

It  is  evident  that  in  the  struggles  of  savage  man  with  the  elements 
and  with  wild  beasts,  or  of  tribe  with  tribe,  this  faculty  can  have  had 
no  influence.  It  had  nothing  to  do  with  the  early  migrations  of  man, 
or  with  the  conquest  and  extermination  of  weaker  by  more  powerful 
peoples.  The  Greeks  did  not  successfully  resist  the  Persian  invaders 
by  any  aid  from  their  few  mathematicians,  but  by  military  training, 
patriotism,  and  self-sacrifice.  The  barbarous  conquerors  of  the  East 
— Timurlane  and  Gengkhis  Khan — did  not  owe  their  success  to  any 
superiority  of  intellect  or  of  mathematical  faculty  in  themselves  or 
their  follov.  ors.  Even  if  the  great  conquests  of  the  Romans  were,  in 
part,  due  to  their  systematic  military  organization,  and  to  their  skill 
in  making  roads  and  encampments,  which  may,  perhaps,  be  imputed  to 
some  exercise  of  the  mathematical  faculty,  that  did  not  prevent  them 
from  being  conquered  in  turn  by  barbarians,  in  whom  it  was  almost 
entirely  absent.  And  if  we  take  the  most  civilized  peoples  of  the 
ancient  world — the  Hindoos,  the  Arabs,  the  Greeks,  and  the  Romans, 
all  of  whom  had  some  amount  of  mathematical  talent — we  find  that  it 
is  not  these,  but  the  descendants  of  the  barbarians  of  those  days — 
the  Celts,  the  Teutons,  and  the  Slavs — who  have  proved  themselves 
the  fittest  to  survive  in  the  great  struggle  of  races,  although  we  can 
not  trace  their  steadily  growing  success  during  past  centuries  either 
to  the  possession  of  any  exceptional  mathematical  faculty  or  to  its 
exercise.  They  have  indeed  proved  themselves,  today,  to  be  possessed 
of  a  marvelous  endowment  of  the  mathematical  faculty;  but  their 
success  at  home  and  abroad,  as  colonists  or  as  conquerors,  as  individ- 
uals or  as  nations,  can  in  no  way  be  traced  to  this  faculty,  since  they 
were  almost  the  last  who  devoted  themselves  to  its  exercise.  We  con- 
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elude,  then,  that  the  present  gigantic  development  of  the  mathematical 
facility  is  wholly  unexplained  by  the  theory  of  natural  selection,  and 
must  be  due  to  some  altogether  distinct  cause. 

The  Origin  of  the  Musical  aud  Artistic  faculties. 

These  distinctly  human  faculties  follow  very  closely  the  lines  of 
the  mathematical  faculty  in  their  progressive  development,  and  serve 
to  enforce  the  same  argument.  Among  the  lower  savages  music,  as 
we  understand  it,  hardly  exists,  though  they  all  delight  in  rude  musical 
sounds,  as  of  drums,  tomtoms,  or  gongs ;  and  they  also  sing  in 
monotonous  chants.  Almost  exactly  as  they  advance  in  general  intel- 
lect, and  in  the  arts  of  social  life,  their  appreciation  of  music  appears 
to  rise  in  proportion ;  and  we  find  among  them  rude  stringed  instru- 
ments and  whistles,  till,  in  Java,  we  have  regular  bands  of  skilled 
performers,  probably  the  successors  of  Hindoo  musicians  of  the  age 
before  the  Mohammedan  conquest.  The  Egyptians  are  believed  to  have 
been  the  earliest  musicians,  and  from  them  the  Jews  and  the  Greeks, 
no  doubt,  derived  their  knowledge  of  the  art;  but  it  seems  to  be 
admitted  that  neither  the  latter  nor  the  Romans  knew  anything  of 
harmony  or  of  the  essential  features  of  modern  music.*  Till  the 
fifteenth  century  little  progress  appears  to  have  been  made  in  the 
science  or  the  practice  of  music ;  but  since  that  era  it  has  advanced 
with  marvelous  rapidity,  its  progress  being  curiously  parallel  with  that 
of  mathematics,  inasmuch  as  great  musical  geniuses  appeared  suddenly 
among  different  nations,  equal  in  their  possession  of  this  special  faculty 
to  any  that  have  since  arisen. 

As  with  the  mathematical  so  with  the  musical  faculty — it  is  impossi- 
ble to  trace  any  connection  between  its  possession  and  survival  in  the 
struggle  for  existence.  It  seems  to  have  arisen  as  a  result  of  social 
and  intellectual  advancement,  not  as  a  cause;  and  there  is  some 
evidence  that  it  is  latent  in  the  lower  races,  since  under  European 
training  native  military  bands  have  been  formed  in  many  parts  of  the 
world,  which  have  been  able  to  perform  creditably  the  best  modern 
music. 

The  artistic  faculty  has  run  a  somewhat  different  course,  though 
analogous  to  that  of  the  faculties  already  discussed.  Most  savages 
exhibit  some  rudiments  of  it,  either  in  drawing  or  carving  human  or 
animal  figures ;  but,  almost  without  exception,  these  figures  are  rude 
and  such  as  would  be  executed  by  the  ordinary  inartistic  child.  In 
fact,  modern  savages  are  in  this  respect  hardly  equal  to  those  pre- 
historic men  who  represented  the  mammoth  and  the  reindeer  on  pieces 
of  horn  or  bone.  With  any  advance  in  the  arts  of  social  life,  we  have 
a  corresponding  advance  in  artistic  skill  and  taste,  rising  very  high  in 
the  art  of  Japan  and  India,  but  culminating  in  the  marvelous  sculpture 
of  the  best  period  of  Grecian  history.  In  the  Middle  Ages  art  was 
chiefly  manifested  in  ecclesiastical  architecture  and  the  illumination  of 
manuscripts,  but  from  the  thirteenth  to  the  fifteenth  centuries 
pictorial  art  revived  in  Italy  and  attained  to  a  degree  of  perfection 
which  has  never  been  surpassed.  This  revival  was  followed  closely 
by  the  schools  of  Germany,  the  Netherlands,  Spain,  France,  and 
England,  showing  that  the  true  artistic  faculty  belonged  to  no  one 
nation,  but  was  fairly  distributed  among  the  various  European  races. 

*  S««  "History  of  Music."  in   En(f.  Cj/c..  Srif>nce  and  Arts  Division. 
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These  several  developments  of  the  artistic  faculty,  whether  man- 
ifested in  sculpture,  painting,  or  architecture,  are  evidently  outgrowths 
of  the  human  intellect  which  have  no  immediate  influence  on  the 
survival  of  individuals  or  of  tribes,  or  on  the  success  of  nations  in 
their  struggles  for  supremacy  or  for  existence.  The  glorious  art  of 
Greece  did  not  prevent  the  nation  from  falling  under  the  sway  of  the 
less  advanced  Roman ;  while  we  ourselves,  among  whom  art  was  the 
latest  to  arise,  have  taken  the  lead  in  the  colonization  of  the  world, 
thus  proving  our  mixed  race  to  be  the  fittest  to  survive. 

Independent  Proof  that  the  Mathematical,   Musical,  and  Artistic 
Faculties  have  not  been  Developed  under  the  Law  of  Natural 
j          Selection. 

The  law  of  Natural  Selection,  or  the  survival  of  the  fittest,  is,  as 
its  name  implies,  a  rigid  law,  which  acts  by  the  life  or  death  of  the 
individuals  submitted  to  its  action.  From  its  very  nature  it  can  act 
only  on  useful  or  hurtful  characteristics,  eliminating  the  latter  and 
keeping  up  the  former  to  a  fairly  general  level  of  efficiency.  Hence 
it  necessarily  follows  that  the  characters  developed  by  its  means  will 
be  present  in  all  the  individuals  of  a  species,  and,  though  varying, 
will  not  vary  very  widely  from  a  common  standard.  The  amount  of 
variation  we  found,  in  our  third  chapter,  to  be  about  one  fifth  or  one 
sixth  of  the  mean  value, — that  is,  if  the  mean  value  were  taken  at  100, 
the  variations  would  reach  from,  80  to  120,  or  somewhat  more,  if  very 
large  numbers  were  compared.  In  accordance  with  this  law  we  find 
that  all  those  characters  in  mau  which  were  certainly  essential  to  him 
during  his  early  stages  of  development,  exist  in  all  savages  with  some 
approach  to  equality.  In  the  speed  of  running,  in  bodily  strength, 
in  skill  with  weapons,  in  acuteness  of  vision,  or  in  power  of  following 
a  trail,  all  are  fairly  proficient,  und  the  differences  of  endowment  do 
not  probably  exceed  the  limits  of  variation  in  animals  before  referred 
to.  So,  in  animal  instinct  or  intelligence,  we  find  the  same  general 
level  of  development.  Every  wren  makes  a  fairly  good  nest,  like  its 
fellows ;  every  fox  has  an  average  amount  of  the  sagacity  of  its  race ; 
while  all  the  higher  birds  and  mammals  have  the  necessary  affections 
and  instincts  needful  for  the  protection  and  bringing-up  of  their 
offspring. 

Bat  in  those  specially  developed  faculties  of  civilized  man  which 
we  have  been  considering,  the  case  is  very  different.  They  exist  only 
in  a  small  proportion  of  individuals,  while  the  difference  of  capacity 
between  these  favored  individuals  and  the  average  of  mankind  is 
enormous.  Taking  first  the  mathematical  faculty,  probably  fewer 
than  one  in  a  hundred  really  possess  it,  the  great  bulk  of  the 
population  having  no  natural  ability  for  the  study,  or  feeling  the 
slightest  intei-est  in  it.*  And  if  we  attempt  to  measure  the  amount 
of  variation  in  the  faculty  itself  between  a  first-class  mathematician 
and  the  ordinary  run  of  people  who  find  any  kind  of  calculation  con- 
fusing and  altogether  devoid  of  interest,  it  is  probable  that  the  former 

*  This  is  the  estimate  furnished  me  by  two  mathematical  masters  in  one  of 
our  great  public  schools  of  the  proportion  of  boys  who  have  any  special  taste  or 
capacity  for  mathematical  studies.  Many  more,  of  course,  can  be  drilled  into 
a  fair  knowledge  of  elementary  mathematics,  but  only  this  small  proportion 
possess  the  natural  faculty  which  renders  it  possible  for  them  ever  to  rank  high 
as  mathematicians,  to  take  any  pleasure  in  it,  or  to  do  any  original  mathematical 
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Conld  not  be  estimated  at  less  than  a  hundred  times  the  latter,  and 
perhaps  a  thousand  times  would  more  nearly  measure  the  difference 
between  them. 

The  artistic  faculty  appears  to  agree  pretty  closely  with  the 
mathematical  in  its  frequency.  The  boys  and  girls  who,  going 
beyond  the  mere  conventional  designs  of  children,  draw  what  they 
see  not  what  they  know  to  be  the  shape  of  things;  who  naturally 
sketch  in  perspective,  because  it  is  thus  they  see  objects ;  who  see 
and  represent  in  their  sketches,  the  light  and  shade  as  well  as  the 
mere  outlines  of  objects ;  and  who  can  draw  recognizable  sketches  of 
every  one  they  know ; — are  certainly  very  few  compared  with  those  who 
are  totally  incapable  of  anything  of  the  kind.  From  some  inquiries  I 
have  made  in  schools,  and  from  my  own  observation,  I  believe  that 
those  who  are  endowed  with  this  natural  artistic  talent  do  not  exceed, 
even  if  they  come  up  to,  one  per  cent  of  the  whole  population. 

The  variations  in  the  amount  of  artistic  faculty  are  certainly  very 
great,  even  if  we  do  not  take  the  extremes.  The  gradations  of  power 
between  the  ordinary  man  or  woman  "who  does  not  draw,"  and 
whose  attempts  at  representing  any  object,  animate  or  inanimate, 
would  be  laughable,  and  the  average  good  artist  who,  with  a  few 
bold  strokes,  can  produce  a  recognizable  and  even  effective  sketch 
of  a  landscape,  a  street,  or  an  animal,  are  very  numerous ;  and  we 
can  hardly  measure  the  difference  between  them  at  less  than  fifty  or 
.s  hundred  fold. 

The  musical  faculty  is  undoubtedly,  in  its  lower  forms,  less 
uncommon  than  either  of  the  preceding,  but  it  still  differs  essentially 
from  the  necessary  or  useful  faculties  in  that  it  is  almost  entirely 
wanting  in  one  half  even  of  civilized  men.  For  every  person  who 
draws,  as  it  were  instinctively,  there  are  probably  five  or  ten  who  sing 
or  play  without  having  been  taught  and  from  mere  innate  love  and 
perception  of  melody  and  harmony.*  On  the  other  hand,  there  are 
probably  about  as  many  who  seem  absolutely  deficient  in  musical 
perception,  who  take  little  pleasure  in  it,  who  can  not  perceive  discords 
or  remember  tunes,  and  who  could  not  learn  to  sing  or  play  with  any 
amount  of  study.  The  gradations,  too,  are  here  quite  as  great  as  in 
mathematics  or  pictorial  art,  and  the  special  faculty  of  the  great 
musical  composer  must  be  reckoned  many  hundreds  or  perhaps 
thousands  of  times  greater  than  that  of  the  ordinary  "  unmusical " 
person  above  referred  to. 

It  appears  then,  that  both  on  account  of  the  limited  number  of 
persons  gifted  with  the  mathematical,  the  artistic,  or  the  musical 
faculty,  as  well  as  from  the  enormous  variations  in  its  development, 
these  mental  powers  differ  widely  from  those  which  are  essential  to 
man,  and  are,  for  the  most  part,  common  to  him  and  the  lower 
animals;  and  that  they  could  not,  therefore,  possibly  have  been 
developed  in  him  by  means  of  the  law  of  natural  selection. 

We  have  thus  shown,  by  two  distinct  lines  of  argument,  that 
faculties  are  developed  in  civilized  man  which,  both  in  their  mode  of 
origin,  their  function,  and  their  variations,  are  altogether  distinct  from 
those  other  characters  and  faculties  which  are  essential  to  him,  and 

*  I  am  informed,  however,  by  a  music-master  in  a  large  school  that  only  about 
one  per  cent  have  real  or  decided  musical  talent,  corresponding  curiously  with  the 
estimate  of  the  mathematicians. 
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•\vhich  have  been  brought  to  their  actual  state  of  efficiency  by  th« 
necessities  of  his  existence.  And  besides  the  three  which  have  been 
specially  referred  to,  there  are  others  which  evidently  belong  to  th« 
same  class.  Such  is  the  rnetaphy&ical  faculty,  which  enables  us  to 
form  abstract  conceptions  of  a  kind  the  most  remote  from  all  practical 
applications,  to  discuss  the  ultimate  causes  of  things,  the  nature  and 
qualities  of  matter,  motion,  and  force,  of  space  and  time,  of  cause  and 
effect,  of  will  and  conscience.  Speculations  on  these  abstract  and 
difficult  questions  are  impossible  to  savages,  who  seem  to  have  no 
mental  faculty  enabling  them  to  grasp  the  essential  ideas  or  con- 
ceptions ;  yet  whenever  any  race  attains  to  civilization,  and  comprises 
a  body  of  people  who,  whether  as  priests  or  philosophers,  are  relieved 
from  the  necessity  of  labor  or  of  taking  an  active  part  in  war  or 
government,  the  metaphysical  faculty  appears  to  spring  suddenly  into 
existence,  although,  like  the  other  faculties  we  have  referred  to,  it  is 
always  confined  to  a  very  limited  proportion  of  the  population. 

In  the  same  class  we  may  place  the  peculiar  faculty  of  wit  and 
humor,  an  altogether  natural  gift  whose  development  appears  to  be 
parallel  with  that  of  the  other  exceptional  faculties.  Like  them,  it 
is  almost  unknown  among  savages,  but  appears  more  or  less  fre- 
quently as  civilization  advances  and  the  interests  of  life  become  more 
numerous  and  more  complex.  Like  them,  too,  it  is  altogether  removed 
from  utility  in  the  struggle  for  life,  and  appears  sporadically  in  a  very 
small  percentage  of  the  population, —  the  majority  being,  as  is  well 
known,  totally  unable  to  say  a  witty  thing  or  make  a  pun  even  to  save 
their  lives.* 

The  Interpretation   of  the  Facts. 

The  facts  now  set  forth  prove  the  existence  of  a  number  of  mental 
faculties  which  either  do  not  exist  at  all  or  exist  in  a  very  rudimentary 
condition  in  savages,  but  appear  almost  suddenly  and  in  perfect  devel- 

*  In  the  latter  part  of  his  essay  on  Heredity  (pp.  91-93  of  the  volume  of  Essays), 
Dr.  Weismann  refers  to  this  question  of  the  origin  of  "talents"  in  man,  and,  like 
myself,  comes  to  the  conclusion  that  they  could  not  be  developed  under  the  law 
of  natural  selection.  He  says:  "It  may  be  objected  that,  in  man,  in  addition  to 
the  instincts  inherent  to  every  individual,  special  individual  predispositions  are 
also  found,  of  such  a  nature  that  it  is  impossible  they  can  have  arisen  by  individ- 
ual variations  of  the  germ-plasm.  On  the  other  hand,  these  predispositions — which 
we  call  talents — can  not  have  arisen  through  natural  selection,  because  life  is  in 
no  way  dependent  on  their  presence,  and  there  seems  to  be  no  way  of  explaining 
their  origin  except  by  an  assumption  of  the  summation  of  the  skill  attained  by 
exercise  in  the  course  of  each  single  life.  In  this  case,  therefore,  we  seem  at  first 
sight  to  be  compelled  to  accept  the  transmission  of  acquired  characters."  Weis- 
mann then  goes  on  to  show  that  the  facts  do  not  support  this  view;  that  the 
mathematical,  musical,  and  artistic  faculties  often  appear  suddenly  in  a  family 
whose  other  members  and  ancestors  were  in  no  way  distinguished ;  and  that  even 
when  hereditary  in  families,  the  talent  often  appears  at  its  maximum  at  the  com- 
mencement or  in  the  middle  of  the  series,  not  increasing  to  the  end,  as  it  should 
do  if  it  depended  in  any  way  on  the  transmission  of  acquired  skill.  Gauss  was 
not  the  son  of  a  mathematician,  nor  Handel  of  a  musician,  nor  Titian  of  a  painter, 
and  there  is  no  proof  of  any  special  talent  in  the  ancestors  of  these  men  of  genius, 
who  at  once  developed  the  most  marvelous  pre-eminence  in  their  respective  talents. 
And  after  showing  that  such  great  men  only  appear  at  certain  stages  of  human 
development,  and  that  two  or  more  of  the  special  talents  are  not  unfrequently 
combined  in  one  individual,  he  concludes  thus: — 

"Upon  this  subject  I  only  wish  to  add  that,  in  my  opinion,  talents  do  not 
appear  to  depend  upon  the  improvement  of  any  special  mental  quality  by  con- 
tinued practice,  but  they  are  the  expression,  and  to  a  certain  extent  the  by- 
product, of  the  human  mind,  which  is  eo  highly  developed  in  all  directions." 

It  will,  I  think,  be  admitted  that  this  view  hardly  accounts  for  the  existence 
of  the  highly  peculiar  human  faculties  in  question. 

318 


DARWINISM. 

opment  in  the  higher  civilized  races.  These  same  faculties  are  further 
characterized  by  their  sporadic  character,  being  well  developed  only  in 
ft  very  •mall  proportion  of  the  community;  and  by  the  enormous 
amount  of  variation  in  their  development,  the  higher  manifestations 
of  them  being  many  times — perhaps  a  hundred  or  a  thousand  times — 
stronger  than  the  lower.  Each  of  these  characteristics  is  totally 
inconsistent  with  any  action  of  the  law  of  natural  selection  in  the  pro- 
duction of  the  faculties  referred  to ;  and  the  facts,  taken  in  their 
entirety,  compel  us  to  recognize  some  origin  for  them  wholly  distinct 
from  that  which  has  served  to  account  for  the  animal  characteristics — 
whether  bodily  or  mental — of  man. 

The  special  faculties  we  have  been  discussing  clearly  point  to  the 
existence  in  man  of  something  which  he  has  not  derived  from  his 
animal  progenitors, —  something  which  we  may  best  refer  to  as  being 
of  a  spiritual  essence  or  nature,  capable  of  progressive  development 
under  favorable  conditions.  On  the  hypothesis  of  this  spiritual  nature, 
superadded  to  the  animal  nature  of  man,  we  are  able  to  understand 
much  that  is  otherwise  mysterious  or  unintelligible  in  regard  to  Tn'm, 
especially  the  enormous  influence  of  ideas,  principles,  and  beliefs,  over 
his  whole  life  and  actions.  Thus  alone  we  can  understand  the  con- 
stancy of  the  martyr,  the  unselfishness  of  the  philanthropist,  the 
devotion  of  the  patriot,  the  enthusiasm  of  the  artist,  and  the  resolute 
and  persevering  search  of  the  scientific  worker  after  ^Nature's  secrets. 
Thus  we  may  perceive  that  the  love  of  truth,  the  delight  in  beauty,  the 
passion  for  justice,  and  the  thrill  of  exultation  with  which  we  hear  of 
any  act  of  courageous  self-sacrifice,  are  the  workings  within  us  of  a 
higher  nature  which  has  not  been  developed  by  means  of  the  struggle 
for  material  existence. 

It  will,  no  doubt,  be  urged  that  the  admitted  continuity  of  man's 
progress  from  the  brute  does  not  admit  of  the  introduction  of  new 
causes,  and  that  we  have  no  evidence  of  the  sudden  change  of  nature 
which  such  introduction  would  bring  about.  The  fallacy  as  to  new 
causes  involving  any  breach  of  continuity  or  any  sudden  or  abrupt 
change  in  the  effects  has  already  been  shown ;  but  we  will  further 
point  out  that  there  are  at  least  three  stages  in  the  development  of  the 
organic  world  when  some  new  cause  or  power  must  necessarily  have 
come  into  action. 

The  first  stage  is  the  change  from  inorganic  to  organic,  when  the 
earliest  vegetable-cell,  or  the  living  protoplasm  out  of  which  it  arose, 
first  appeared.  This  is  often  imputed  to  a  mere  increase  of  com- 
plexity of  chemical  compounds;  but  increase  of  complexity,  with 
consequent  instability,  even  if  we  admit  that  it  may  have  pro- 
duced protoplasm  as  a  chemical  compound,  could  certainly  not  have 
produced  living  protoplasm, —  protoplasm  which  has  the  power  of 
growth  and  of  reproduction,  and  of  that  continuous  process  of  devel- 
opment which  has  resulted  in  the  marvelous  variety  and  complex 
organization  of  the  whole  vegetable  kingdom.  There  is  in  all  this 
something  quite  beyond  and  apart  from  chemical  changes,  however 
complex  and  it  has  been  well  said  that  the  first  vegetable-cell  was  a 
new  thing  in  the  world,  possessing  altogether  new  powers — that  of 
extracting  and  fixing  carbon  from  the  carbon  dioxide  of  the  atmosphere, 
that  of  indefinite  reproduction,  and,  still  more  marvelous,  the  power 
of  variation  and  of  reproducing  those  variations  till  endless  complica- 
tions of  structure  and  varieties  of  form  have  been  the  result.  Here, 
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then,  we  have  indications  of  a  new  power  at  work,  which  we  may  term 
vitality,  since  it  gives  to  certain  forms  of  matter  all  those  characters 
and  properties  which  constitute  Life. 

The  nczt  stage  is  still  more  marvelous,  still  more  completely  beyond 
all  possibility  of  explanation  by  matter,  its  laws  and  forces.  It  is  the 
introduction  of  sensation  or  consciousness,  constituting  the  funda- 
mental distinction  between  the  animal  and  vegetable  kingdoms.  Here 
all  idea  of  mere  complication  of  structure  producing  the  result  is  out 
of  the  question.  We  feel  it  to  be  altogether  preposterous  to  assume 
that  at  a  certain  stage  of  complexity  of  atomic  constitution,  and  as  a 
necessary  result  of  that  complexity  alone,  an  ego  should  start  into 
existence, —  a  thing  that  feels,  that  is  conscious  of  its  own  existence. 
Here  we  have  the  certainty  that  something  new  has  arisen, —  a  being 
whose  nascent  consciousness  has  gone  on  increasing  in  power  and 
definiteness  till  it  has  culminated  in  the  higher  animals.  No  verbal 
explanation  or  attempt  at  explanation — such  as  the  statement  that  life 
is  the  result  of  the  molecular  forces  of  the  protoplasm,  or  that  the 
whole  existing  organic  universe  from  the  amseba  up  to  man  was  latent 
in  the  fire-mist  from  which  the  solar  system  was  developed  —  can 
afford  any  mental  satisfaction,  or  help  us  in  any  way  to  a  solution  of 
the  mystery. 

The  third  stage  is,  as  we  have  seen,  the  existence  in  man  of  a  num- 
ber of  his  most  characteristic  and  noblest  faculties,  those  which  raise 
him  furthest  above  the  brutes  and  open  up  possibilities  of  almost 
indefinite  advancement.  These  faculties  could  not  possibly  have  been 
developed  by  means  of  the  same  laws  which  have  determined  the  pro- 
gressive development  of  the  organic  world  in  general,  and  also  of  man's 
physical  organism.* 

These  three  distinct  stages  of  progress  from  the  inorganic  world 
of  matter  and  motion  up  to  man,  point  clearly  to  an  unseen  universe, 
— to  a  world  of  spirit,  to  which  the  world  of  matter  is  altogether 
subordinate.  To  this  spiritual  world  we  may  refer  the  marvelously 
complex  forces  which  we  know  as  gravitation,  cohesion,  chemical  force, 
radiant  force,  and  electricity,  without  which  the  matei'ial  universe 
could  not  exist  for  a  moment  in  its  present  form,  and  perhaps  not  at 
all,  since  without  these  forces,  and  perhaps  others  which  may  be 
termed  atomic,  it  is  doubtful  whether  matter  itself  could  have  any 
existence.  And  still  more  surely  can  we  refer  to  it  those  progressive 
manifestations  of  Life  in  the  vegetable,  the  animal,  and  man, — which 
we  may  classify  as  unconscious,  conscious,  and  intellectual  life, —  and 
which  probably  depend  upon  different  degrees  of  spiritual  influx.  I 
have  already  shown  that  this  involves  no  necessary  infraction  of  the 
law  of  continuity  in  physical  or  mental  evolution ;  whence  it  follows 
that  any  difficulty  we  may  find  in  discriminating  the  inorganic  from 
the  organic,  the  lower  vegetable  from  the  lower  animal  organisms,  or 
the  higher  animals  from  the  lowest  types  of  man,  has  no  bearing  at  all 
upon  the  question.  This  is  to  be  decided  by  showing  that  a  change 
in  essential  nature  (due,  probably,  to  causes  of  a  higher  order  than 
those  of  the  material  universe)  took  place  at  the  several  stages  of 
progress  which  I  have  indicated;  a  change  which  maybe  none  the  less 
real  because  absolutely  imperceptible  at  its  point  of  origin,  as  is  the 

*  For  an  earlier  discussion  of  this  subject,  with  some  wider  applications,  see 
the  author's  Contributions  to  the  Theory  of  Natural  Selection,  chap.  x. 
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change  that  takes  place  in  the  curve  in  which  a  body  is  moving  when  the 
application  of  some  new  force  causes  the  curve  to  he  slightly  altered. 

Concluding  Remarks. 

Those  who  admit  my  interpretation  of  the  evidence  now  adduced — 
strictly  scientific  evidence  in  its  appeal  to  facts  which  are  clearly  what 
ought  not  to  be  on  the  materialistic  theory — will  be  able  to  accept  the  spir- 
itual nature  of  man,  as  not  in  any  way  inconsistent  with  the  theory  of  evo- 
lution, but  as  dependent  on  those  fundamental  laws  and  causes  which  fur- 
nish the  very  materials  for  evolution  to  work  with.  They  will  also  be  re- 
lieved from  the  crushing  mental  burthen  imposed  upon  those  who — 
maintaining  that  we,  in  common  with  the  rest  of  Nature,  are  but  products 
of  the  blind  eternal  forces  of  the  universe,  and  believing  also  that  the  time 
must  come  when  the  sun  will  lose  his  heat  and  all  life  on  the  earth  neces- 
sarily cease — have  to  contemplate  a  not  very  distant  future  in  which  all  this 
glorious  earth — which  for  untold  millions  of  years  has  been  slowly  devel- 
oping forms  of  life  and  beauty  to  culminate  at  last  in  man — shall  be  as  if 
it  had  never  existed;  who  are  compelled  to  suppose  that  all  the  slow 
growths  of  our  race  struggling  toward  a  higher  life,  all  the  agony  of  mar- 
tyrs, all  the  groans  of  victims,  all  che  evil  and  misery  and  undeserved  suf- 
fering of  the  ages,  all  the  struggles  for  freedom,  all  the  efforts  toward 
justice,  all  the  aspirations  for  virtue  and  the  wellbeing  of  humanity,  shall 
absolutely  vanish,  and,  "like  the  baseless  fabric  of  a  vision,  leave  not  a 
wreck  behind." 

As  contrasted  with  this  hopeless  and  soul-deadening  belief,  we,  who 
accept  the  existence  of  a  spiritual  world,  can  look  upon  the  universe  as  a 
grand,  consistent  whole,  adapted  in  all  its  parts  to  the  development  of  spir- 
itual beings  capable  of  indefinite  life  and  perfectibility.  To  us  the  whole 
purpose,  the  only  raison  d'etre  of  the  world — with  all  its  complexities  of 
physical  structure,  with  its  grand  geological  progress,  the  slow  evolution  of 
the  vegetable  and  animal  kingdoms,  and  the  ultimate  appearance  of  man — 
was  the  development  of  the  human  spirit  in  association  with  the  human  body. 
From  the  fact  that  the  spirit  of  man — the  man  himself — is  so  developed, 
we  may  well  believe  that  this  is  the  only,  or  at  least  the  best,  way  for  its 
development ;  and  we  may  even  see  in  what  is  usually  termed  "evil"  on 
the  earth,  one  of  the  most  efficient  means  of  its  growth.  For  we  know 
that  the  noblest  faculties  of  man  are  strengthened  and  perfected  by  strug- 
gle and  effort ;  it  is  by  unceasing  warfare  against  physical  evils  and  in  the 
midst  of  difficulty  and  danger  that  energy,  courage,  self-reliance,  and  in- 
dustry have  become  the  common  qualities  of  the  northern  races  ;  it  is  by 
the  battle  with  moral  evil  in  all  its  hydra-headed  forms  that  the  still  nobler 
qualities  of  justice  and  mercy  and  humanity  and  self-sacrifice  have  been 
steadily  increasing  in  the  world.  Beings  thus  trained  and  strengthened 
by  their  surroundings,  and  possessing  latent  faculties  capable  of  such  noble 
development,  are  surely  destined  for  a  higher  and  more  permanent  exist- 
ence; and  we  may  confidently  believe,  with  our  greatest  living  poet — 

That  life  is  not  an  idle  ore, 
But  iron  dug  from  central  gloom, 

And  heated  hot  with  burning  fears, 

And  dipt  in  baths  of  hissing  tears, 
And  battered  with  the  shocks  of  doom- 
To  shape  and  use.  ,2| 
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We  thus  find  that  the  Darwinian  theory,  even  when  carried  out  to  its 
«xtreme  logical  conclusion,  not  only  does  not  oppose,  but  lends  a  decided 
support  to,  a  belief  in  the  spiritual  nature  of  man.  It  shows  us  how  a  man's 
body  may  have  been  developed  from  that  of  a  lower  animal-form  under  the  law 
of  natural  selection ;  but  it  also  teaches  us  that  we  possess  intellectual  and 
moral  faculties  which  could  not  have  been  so  developed,  but  must  have 
had  another  origin ;  and  for  this  origin  we  can  only  find  an  adequate 
cause  in  the  unseen  universe  of  Spirit. 
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PREFACE. 


MY  warmest  thanks  are  due  to  Mr.  Francis  Darwin,  to  Mr.  E.  B. 
Poulton  (whose  interest  in  the  subject  here  discussed  is  shown  by  his 
share  in  the  translation  of  Weismann's  "  Essays  on  Heredity  "),  and 
to  Professor  Romanes  for  the  help  afforded  by  their  kindly  sugges- 
tions and  criticisms,  and  for  the  advice  and  recommendation  under 
which  this  essay  is  now  published.  Encouragement  from  Mr.  Francis 
Darwin  is  to  me  the  more  precious  and  the  more  worthy  of  grateful 
recognition  from  the  fact  that  my  general  conclusion  that  acquired 
characters  are  not  inherited  is  at  variance  with  the  opinion  of  his  re- 
vered father,  who  aided  his  great  theory  by  the  retention  of  some  re- 
mains of  Lamarck's  doctrine  of  the  inherited  effect  of  habit.  I  feel 
as  if  the  son,  as  representative  of  his  great  progenitor,  were  carrying 
out  the  idea  of  an  appreciative  editor  who  writes  to  me  :  "  We  must 
say  that,  if  Darwin  were  still  alive,  he  would  find  your  arguments  of 
great  weight,  and  undoubtedly  would  give  to  them  the  serious  con- 
sideration which  they  deserve."  I  hope,  then,  that  I  may  be  acquit- 
ted of  undue  presumption  in  opposing  a  view  sanctioned  by  the  author 
of  the  "  Origin  of  Species,"  but  already  stoutly  questioned  and  firmly 
rejected  by  such  followers  of  his  as  Weismann,  Wallace,  Poulton,  Ray 
Lankester,  and  others,  to  say  nothing  of  its  practical  rejection  by  so 
great  an  authority  on  heredity  as  Francis  Galton. 

The  sociological  importance  of  the  subject  has  already  been  insisted 
on  in  emphatic  terms  by  Mr.  Herbert  Spencer,  and  this  importance 
may  be  even  greater  than  he  imagined. 

Civilization  largely  sets  aside  the  harsh  but  ultimately  salutary  ac- 
tion of  the  great  law  of  natural  selection  without  providing  an  efficient 
substitute  for  preventing  degeneracy.  The  substitute  on  which  mor- 
alists and  legislators  rely,  if  they  think  on  the  matter  at  all,  is  the  cu- 
mulative inheritance  of  the  beneficial  effects  of  education,  training, 

habits,  institutions,  and  so  forth — the  inheritance,  in  short,  of  acquired 
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characters  or  of  the  effects  of  use  and  disuse.  If  this  substitute  is 
but  a  broken  reed,  then  the  deeper  thinkers  who  gradually  teach  the 
teachers  of  the  people,  and  ultimately  even  influence  the  legislators 
and  moralists,  must  found  their  systems  of  morality  and  their  criti- 
cisms of  social  and  political  laws  and  institutions  and  customs  and 
ideas  on  the  basis  of  the  Darwinian  law  rather  than  on  that  of 
Lamarck. 

Looking  forward  to  the  hope  that  the  human  race  may  become 
consciously  and  increasingly  master  of  itself  and  of  its  destiny,  and 
recognizing  the  Darwinian  principle  of  the  selection  of  the  fittest  as 
the  only  means  of  preventing  the  moral  and  physical  degeneracy 
which,  like  an  internal  dry  rot,  has  hitherto  been  the  besetting  danger 
of  all  civilizations,  I  desire  that  the  thinkers  who  mold  the  opinions 
of  mankind  shall  not  be  led  astray  from  the  true  path  of  enduring 
progress  and  happiness  by  reliance  on  fallacious  beliefs  which  will  not 
bear  examination.  Such,  at  least,  is  the  feeling  or  motive  which  has 
prompted  me  to  devote  much  time  and  thought  to  a  difficult  but  im- 
portant inquiry  in  a  debatable  region  of  inference  and  conjecture 
where,  I  am  afraid,  evidence  on  either  side  can  never  be  absolutely 
conclusive,  and  where,  especially,  the  absolute  demonstration  of  a  uni- 
versal negative  cannot  reasonably  be  expected. 


ARE  THE  EFFECTS  OF  USE  AND  DISUSE 
INHERITED  ? 


IMPORTANCE   AND   BEARING   OF   THE 
INQUIRY 


THE  question  whether  the  effects  of  use  and  disuse  are  inherited, 
or,  in  other  words,  whether  acquired  characters  are  hereditary, 
is  of  considerable  interest  to  the  general  student  of  evolution  ;  but  it 
is,  or  should  be,  a  matter  of  far  deeper  interest  to  the  thoughtful 
philanthropist  who  desires  to  ensure  the  permanent  welfare  and  hap- 
piness of  the  human  race.  So  profoundly  important,  in  fact,  are  the 
moral,  social,  and  political  conclusions  that  depend  on  the  answer  to 
this  inquiry,  that,  as  Mr.  Herbert  Spencer  rightly  says,  it  "  demands, 
beyond  all  other  questions  whatsoever,  the  attention  of  scientific 
men." 

It  is  obvious  that  we  can  produce  important  changes  in  the  indi- 
vidual. We  can,  for  example,  improve  his  muscles  by  athletics,  and 
his  brain  by  education.  The  use  of  organs  enlarges  and  strengthens 
them  ;  the  disuse  of  parts  or  faculties  weakens  them.  And  so  great 
is  the  power  of  habit  that  it  is  proverbially  spoken  of  as  "  second 
nature."  It  is  thus  certain  that  we  can  modify  the  individual.  We 
can  strengthen  (or  weaken)  his  body  ;  we  can  improve  (or  deteriorate) 
his  intellect,  his  habits,  his  morals.  But  there  remains  the  still  more 
important  question  which  we  are  about  to  consider.  Will  such  modi- 
fications be  inherited  by  the  offspring  of  the  modified  individual  ? 
Does  individual  improvement  transmit  itself  to  descendants  independ- 
ently of  personal  teaching  and  example  ?  Have  artificially  produced 
changes  of  structure  or  habit  any  inherent  tendency  to  become  con- 
genitally  transmissible  and  to  be  converted  in  time  into  fixed  traits  of 
constitution  or  character  ?  Can  the  philanthropist  rely  on  such  a  ten- 
dency as  a  hopeful  factor  in  the  evolution  of  mankind  ? — the  only 
sound  and  stable  basis  of  a  higher  and  happier  state  of  things  being, 
as  he  knows  or  ought  to  know,  the  innate  and  constitutionally  fixed 
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improvement  of  the  race  as  a  whole.  If  acquired  modifications  are 
impressed  on  the  offspring  and  on  the  race,  the  systematic  moral  train- 
ing of  individuals  will  in  time  produce  a  constitutionally  moral  race, 
and  we  may  hope  to  improve  mankind  even  in  defiance  of  the  unnatural 
selection  by  which  a  spurious  but  highly  popular  philanthropy  would 
systematically  favor  the  survival  of  the  unfittest  and  the  rapid  multi- 
plication of  the  worst.  But  if  acquired  modifications  do  not  tend  to 
be  transmitted,  if  the  use  or  disuse  of  organs  or  faculties  does  not 
similarly  affect  posterity  by  inheritance,  then  it  is  evident  that  no 
innate  improvement  in  the  race  can  take  place  without  the  aid  of 
natural  or  artificial  selection. 

Herbert  Spencer  maintains  that  the  effects  of  use  and  disuse  are 
inherited  in  kind,  and  in  his  "  Factors  of  Organic  Evolution  "  '  he  has 
supported  his  contention  with  a  selection  of  facts  and  reasonings 
which  I  shall  have  the  temerity  to  examine  and  criticise.  Darwin 
also  held  the  same  view,  though  not  so  strongly.  And  here,  to  pre- 
vent misunderstanding,  I  may  say  that  the  admiration  and  reverence 
and  gratitude  due  to  Darwin  ought  not  to  be  allowed  to  interfere  in 
the  slightest  degree  with  the  freest  criticism  of  his  conclusions.  To 
perfect  his  work  by  the  correction  of  really  extraneous  errors  is  as 
much  a  sacred  duty  as  to  study  and  apply  the  great  truths  he  has 
taught. 

1  Which  originally  appeared  in  the  Nineteenth  Century  for  April  and  May,  1886. 


SPENCER'S   EXAMPLES  AND  ARGUMENTS. 


DIMINUTION    OF   THE   JAWS  IN    CIVILIZED    RACES. 

MR.  SPENCER  verified  this  by  comparing  English  jaws  with 
Australian  and  Negro  jaws  at  the  College  of  Surgeons.1  He 
maintains  that  the  diminution  of  the  jaw  in  civilized  races  can  only 
have  been  brought  about  by  inheritance  of  the  effects  of  lessened  use. 
But  if  English  jaws  are  lighter  and  thinner  than  those  of  Austra- 
lians and  Negroes,  so,  too,  is  the  rest  of  the  skull.  As  the  diminution 
in  the  weight  and  thickness  of  the  walls  of  the  cranium  cannot  well 
be  ascribed  to  disuse,  it  must  be  attributed  to  some  other  cause  ;  and 
this  cause  may  have  affected  the  jaw  also.  Cessation  of  the  process 
by  which  natural  selection*  favored  strong,  thick  bones  during  ages  of 
brutal  violence,  might  bring  about  a  change  in  this  direction.  Light- 
ness of  structure,  facilitating  agility  and  being  economical  of  material, 
would  also  be  favored  by  natural  selection  so  far  as  strength  was  not 
too  seriously  diminished. 

Sexual  selection  powerfully  affects  the  human  face,  and  so  must 
affect  the  jaws — as  is  shown  by  the  differences  between  male  and  female 
jaws,  and  by  the  relative  lightness  and  smallness  of  the  latter,  especi- 
ally in  the  higher  races.  Human  preference,  both  sexual  and  social, 
would  tend  to  eliminate  huge  jaws  and  ferocious  teeth  when  these 
were  no  longer  needed  as  weapons  of  war  or  organs  of  prehension,  etc. 
We  can  hardly  assume  that  the  lower  half  of  the  face  is  specially  ex- 
empt from  the  influence  of  natural  and  sexual  selection  ;  and  the 
effects  of  these  undoubted  factors  of  evolution  must  be  fully  con- 
sidered before  we  are  entitled  to  call  in  the  aid  of  a  factor  whose  ex- 
istence is  questioned. 

1  "  Principles  of  Biology,"  §  166,  foot-note.  The  English  jaws  are  somewhat  lighter 
than  the  Australian  jaws,  though  I  could  not  undertake  to  affirm  that  they  are  really 
shorter  and  smaller.  In  the  typical  skulls  depicted  on  p.  68  of  the  official  guide  to  the 
mammalian  galleries  at  South  Kensington,  the  typical  Caucasian  jaw  is  very  much 
larger  than  the  Tasmanian  jaw,  although  the  repulsively  obtrusive  teeth  of  the  latter 
convey  the  contrary  idea  to  the  imagination.  Mr.  Spencer's  assumption  that  the 
ancient  Britons  had  large  jaws  appears  to  me  erroneous.  (See  Professor  Rolleston's 
"  Scientific  Papers  and  Addresses,"  i.,  p.  250.) 

9  Romanes,  Galton  and  Weismann  have  made  great  use  of  this  principle  in  explain- 
ing the  diminution  of  disused  organs.  Weismann  has  given  it  the  name  of  Panmixia 
— all  individuals  being  equally  free  to  survive  and  commingle  their  variations,  and  not 
merely  selected  or  favored  individuals.  See  his  "  Essays  on  Heredity,"  etc. 
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After  allowing  for  lost  teeth  and  the  consequent  alveolar  absorption, 
and  for  a  reduction  proportional  to  that  shown  in  the  rest  of  the  skull, 
the  difference  in  average  weight  in  fifty  European  and  fourteen 
Australian  male  jaws  at  the  College  of  Surgeons  turned  out  to  be  less 
than  a  fifth  of  an  ounce,  or  about  5  per  cent.  This  slight  reduction 
may  be  much  more  than  accounted  for  by  such  causes  as  disuse  in  the 
individual,  human  preference  setting  back  the  teeth,  and  partial  trans- 
ference of  the  much  more  marked  diminution  seen  in  female  jaws. 
There  is  apparently  no  room  for  accumulated  inherited  effects  of  an- 
cestral disuse.  The  number  of  jaws  is  small,  indeed  ;  but  weighing 
them  is,  at  least,  more  decisive  than  Mr.  Spencer's  mere  inspection. 

The  differences  between  Anglo-Saxon  male  jaws  and  Australian 
and  Tasmanian  jaws,  are  most  easily  explained  as  effects  of  human 
preference  and  natural  selection.  We  can  hardly  suppose  that  disuse 
would  maintain  or  develop  the  projecting  chin,  increase  its  perpendic- 
ular height  till  the  jaw  is  deepest  and  strongest  at  its  extremity, 
evolve  a  side  flange,  and  enlarge  the  upper  jaw-bone  to  form  part  of 
a  more  prominent  nose,  while  drawing  back  the  savagely  obtrusive 
teeth  and  lips  to  a  more  pleasing  and  subdued  position  of  retirement 
and  of  humanized  beauty.  If  human  preference  and  natural  selection 
caused  some  of  these  differences,  why  are  they  incompetent  to  effect 
changes  in  the  direction  of  a  diminution  of  the  jaw  or  teeth  ?  And  if 
use  and  disuse  are  the  sole  modifying  agents  in  the  case  of  the  human 
jaw,  why  should  men  have  any  more  chin  than  a  gorilla  or  a  dog  ? 

The  excessive  weight  of  the  West  African  jaws  at  the  College  of 
Surgeons  is  partly  against  Mr.  Spencer's  contention,  unless  he  assumes 
that  Guinea  Negroes  use  their  jaws  far  more  than  the  Australians,  a 
supposition  which  seems  extremely  improbable.  The  heavier  skull  and 
narrower  molar  teeth  point  however  to  other  factors  than  increased  use. 

The  striking  variability  of  the  human  jaw  is  strongly  opposed  to  the 
idea  of  its  being  under  the  direct  and  dominant  control  of  so  uniform 
a  cause  as  ancestral  use  and  disuse.  Mr.  Spencer  regards  a  variation 
of  i  oz.  as  a  large  one,  but  I  found  that  the  English  jaws  in  the  Col- 
lege of  Surgeons  varied  from  1.9  oz.  to  4.3  oz.  (or  5  oz.  if  lost  teeth 
were  allowed  for)  ;  Australian  jaws  varied  from  2  oz.  to  4.5  oz.  (with  no 
lost  teeth  to  allow  for)  ;  while  in  Negro  jaws  the  maximum  rose  to  over 
5^  oz.1  In  spite  of  disuse,  some  European  jaws  were  twice  as  heavy 
as  the  lightest  Australian  jaw,  either  absolutely  or  (in  some  cases) 
relatively  to  the  cranium.  The  uniformity  of  change  relied  upon  by 
Mr.  Spencer  is  scarcely  borne  out  by  the  facts  so  far  as  male  jaws  are 
concerned.  The  great  reduction  in  the  weight  of  female  jaws  and 
skulls  evidently  points  to  sexual  selection  and  to  panmixia  under  male 
protection. 

1  Inclusive  in  each  case  of  fixed  strengthening  wire  weighing  about  a  sixteenth  of 
an  ounce  or  less. 
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I  think,  on  the  whole,  we  must  conclude  that  the  human  jaws  do 
not  afford  satisfactory  proof  of  the  inheritance  of  the  effects  of  use 
and  disuse,  inasmuch  as  the  differences  in  their  weight  and  shape  and 
size  can  be  more  reasonably  and  consistently  accounted  for  as  the 
result  of  less  disputable  causes. 

DIMINISHED    BITING    MUSCLES   OF    LAP-DOGS. 

The  next  example,  the  reduced  biting  muscles,  etc.,  of  lap-dogs,  is 
also  unsatisfactory  as  a  proof  of  the  inheritance  of  the  effects  of  dis- 
use ;  for  the  change  can  readily  be  accounted  for  without  the  intro- 
duction of  such  a  factor.  The  previous  natural  selection  of  strong 
jaws  and  teeth  and  muscles  is  reversed.  The  conscious  or  uncon- 
scious selection  of  lap-dogs  with  the  least  tendency  to  bite  would 
easily  bring  about  a  general  enfeeblement  of  the  whole  biting  appar- 
atus— weakness  of  the  parts  concerned  favoring  harmlessness.  Mr. 
Spencer  maintains  that  the  dwindling  of  the  parts  concerned  in 
clenching  the  jaw  is  certainly  not  due  to  artificial  selection,  because 
the  modifications  offer  no  appreciable  external  signs.  Surely  hard 
biting  is  sufficiently  appreciable  by  the  person  bitten,  without  any 
visual  admeasurement  of  the  masseter  muscles  or  the  zygomatic  arches. 
Disuse  during  lifetime  would  also  cause  some  amount  of  degeneracy  ; 
and  I  am  not  sure  that  Mr.  Spencer  is  right  in  entirely  excluding  econ- 
omy of  nutrition  from  the  problem.  Breeders  would  not  overfeed 
these  dogs,  and  the  puppies  that  grew  most  rapidly  would  usually  be 
favored. 

CROWDED    TEETH. 

The too-closely  packed  teeth  in  the  "decreasing"  jaws  of  modern 
men  (p.  13)'  are  also  suggestive  of  other  causes  than  use  and  disuse. 
Why  is  there  not  simultaneous  variation  in  teeth  and  jaws,  if  disuse 
is  the  governing  factor?  Are  we  to  suppose  that  the  size  of  the 
human  teeth  is  maintained  by  use  at  the  same  time  that  the  jaws  are 
being  diminished  by  disuse?  Mr.  Spencer  acknowledges  that  the 
crowding  of  bull-dogs'  and  lap-dogs'  teeth  is  caused  by  the  artificial 
selection  of  shortened  jaws.  If  a  similar  change  is  really  occurring 
in  man,  could  it  not  be  similarly  explained  by  some  factor,  such  as 
sexual  selection,  which  might  affect  the  outward  appearance  at  the 
cost  of  less  obvious  defects  or  inconveniences  ? 

Mr.  Spencer  points  to  the  decay  of  modern  teeth  as  a  sign  or  result 
of  their  being  overcrowded  through  the  diminution  of  the  jaw  by  dis- 
use." But  the  teeth  which  are  the  most  frequently  overcrowded  are 
the  lower  incisors.  The  upper  incisors  are  less  overcrowded,  being 
commonly  pressed  outwards  by  the  lower  arc  of  teeth  fitting  inside 
them  in  biting.  The  lower  incisors  are  correspondingly  pressed 

1  References,  of  course,  are  to  "  Factors  of  Organic  Evolution." 
•  P.  13  ;  and  Nineteenth  Century,  p.  211,  February,  1888. 

11 


346  BEACON  LIGHTS  OF  SCIENCE. 

inwards  and  closer  together.  Yet  the  upper  incisors  decay — or  at  least 
are  extracted — about  twenty  times  as  frequently  as  the  closely  packed 
lower  incisors.1  Surely  this  must  indicate  that  the  cause  of  decay  is 
not  overcrowding. 

The  lateness  and  irregularity  of  the  wisdom  teeth  are  sometimes 
supposed  to  indicate  their  gradual  disappearance  through  want  of 
room  in  a  diminishing  jaw.  But  a  note  on  Tasmanian  skulls,  in  the 
"Catalogue  of  the  College  of  Surgeons"  (p.  199)  shows  that  this 
lateness  and  irregularity  have  been  common  among  Tasmanians  as 
well  as  among  civilized  races,  so  that  the  change  can  hardly  be  attrib- 
uted to  the  effects  of  disuse  under  civilization. 

BLIND    CAVE-CRABS. 

The  cave-crabs  which  have  lost  their  disused  eyes,  but  not  the  dis- 
used eye-stalks,  appear  to  illustrate  the  effects  of  natural  selection 
rather  than  of  disuse.  The  loss  of  the  exposed,  sensitive,  and  worse- 
than-useless  eye,  would  be  a  decided  gain,  while  the  disused  eye-stalk, 
being  no  particular  detriment  to  the  crab,  would  be  but  slightly  af- 
fected by  natural  selection,  though  open  to  the  cumulative  effects  of 
disuse.  The  disused  but  better  protected  eyes  of  the  blind  cave-rat 
are  still  "  of  large  size  "  ("  Origin  of  Species,"  pp.  61,  62). 

NO    CONCOMITANT    VARIATION    FROM    CONCOMITANT    DISUSE. 

It  is  but  fair  to  add  that  these  instances  of  the  cave-crab's  eye-stalk 
and  the  closely-packed  teeth  are  put  forward  by  Mr.  Spencer  with  the 
more  immediate  object  of  proving  that  there  is  "  no  concomitant  vari- 
ation in  co-operative  parts,"  even  when  "  formed  out  of  the  same 

1  Tomes'  "  Dental  Surgery,"  pp.  273-275.  Tomes  observes  that  it  is  as  yet  uncer- 
tain in  what  way  civilization  predisposes  to  caries.  But  he  shows  that  caries  is  caused 
by  the  lime  salts  in  the  teeth  being  attacked  by  acids  from  decomposing  food  in  crev- 
ices, from  artificial  drink  such  as  cider,  from  sugar,  from  medicine  and  from  vitiated 
secretions  of  the  mouth.  It  is  evident  that  in  civilized  races  natural  selection  cannot 
so  rigorously  insist  on  sound  teeth,  sound  constitutions,  and  protective  alkaline  saliva. 
The  reaction  of  the  civilized  mouth  is  often  acid,  especially  when  the  system  is  dis- 
ordered by  dyspepsia  or  other  diseases  or  forms  of  ill-health  common  under  civiliza- 
tion. The  main  supply  of  saliva,  which  is  poured  from  the  cheeks  opposite  the  upper 
molars,  is  often  acid  when  in  small  quantities.  But  the  submaxillary  and  sub-lingual 
saliva  poured  out  at  the  foot  of  the  lower  incisors,  and  held  in  the  front  part  of  the 
jaw  as  in  a  spoon,  "  differs  from  parotid  saliva  in  being  more  alkaline  "  (Foster's 
"  Text  Book  of  Physiology,"  p.  238  ;  Tomes,  pp.  284,  685).  One  observer  says  that 
the  reaction  near  the  lower  incisors  is  "  never  acid."  Hence  (I  conclude)  the  remark- 
able immunity  of  the  lower  incisors  and  canines  from  decay,  an  immunity  which 
extends  backwards  in  a  lessening  degree  to  the  first  and  second  bicuspids.  The  close 
packing  of  the  lower  incisors  may  assist  by  preventing  the  retention  of  decaying  frag- 
ments of  food.  Sexual  selection  may  promote  caries  by  favoring  white  teeth,  which 
are  more  prone  to  decay  than  yellow  ones.  Acid  vitiation  of  the  mucus  might  account 
both  for  caries  and  (possibly)  for  the  strange  infertility  of  some  inferior  races  under 
civilization. 
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tissue,  like  the  crab's  eye  and  its  peduncle"  (pp.  12-14,  23,  33).  It 
escapes  his  notice,  however,  that  in  two  out  of  his  three  cases  it  is 
disuse,  or  diminished  use,  which  fails  to  cause  concomitant  variation 
or  proportionate  variation. 

THE    GIRAFFE,    AND    NECESSITY    FOR   CONCOMITANT    VARIATION. 

Having  unwittingly  shown  that  lessened  use  of  closely-connected 
and  co-operative  parts  does  not  cause  concomitant  variation  in  these 
parts,  Mr.  Spencer  concludes  that  the  concomitant  variation  requisite 
for  evolution  can  only  be  caused  by  altered  degrees  of  use  or  disuse. 
He  elaborately  argues  that  the  many  co-ordinated  modifications  of 
parts  necessitated  by  each  important  alteration  in  an  animal  are  so 
complex  that  they  cannot  possibly  be  brought  about  except  by  the  in- 
herited effect  of  the  use  and  disuse  of  the  various  parts  concerned. 
He  holds,  for  instance,  that  natural  selection  is  inadequate  to  effect 
the  numerous  concomitant  changes  necessitated  by  such  developments 
as  that  of  the  long  neck  of  the  giraffe.  Darwin,  however,  on  the  con- 
trary, holds  that  natural  selection  alone  "  would  have  sufficed  for  the 
production  of  this  remarkable  quadruped."1  He  is  surprised  at  Mr. 
Spencer's  view  that  natural  selection  can  do  so  little  in  modifying  the 
higher  animals.  Thus,  one  of  the  chief  arguments  with  which  Mr. 
Spencer  supports  his  theory  is  so  poorly  founded  as  to  be  rejected  by 
a  far  greater  authority  on  such  subjects.  All  that  is  needed  is  that 
natural  selection  should  preserve  the  tallest  giraffes  through  times  of 
famine  by  their  being  able  to  reach  otherwise  inaccessible  stores  of 
foliage.  The  continual  variability  of  all  parts  of  the  higher  animals 
gives  scope  for  innumerable  changes,  and  Nature  is  not  in  a  hurry. 
Mr.  Spencer,  however,  says  that  "  the  chances  against  any  adequate 
re-adjustments  fortuitously  arising  must  be  infinity  to  one."  But  he 
has  also  shown  that  altered  degree  of  use  does  not  cause  the  needed 
concomitant  variation  of  co-operative  parts.  So  the  chances  against 
a  beneficial  change  in  an  animal  must  be,  at  a  liberal  estimate,  infinity 
to  two.  Mr.  Spencer,  if  he  has  proved  anything,  has  proved  that  it  is 
practically  impossible  that  the  giraffe  can  have  acquired  a  long  neck, 
or  the  elk  its  huge  horns,  or  that  any  species  has  ever  acquired  any 
important  modification. 

Mr.  Wallace,  in  his  "  Darwinism,"  answers  Mr.  Spencer  by  a  col- 
lection of  facts  showing  that  "  variation  is  the  rule,"  that  the  range  of 
variation  in  wild  animals  and  plants  is  much  greater  than  was  sup- 
posed, and  that  "  each  part  varies  to  a  considerable  extent  indepen- 
dently "  of  other  parts,  so  that  "  the  materials  constantly  ready  for 
natural  selection  to  act  upon  are  abundant  in  quantity  and  very  varied 
in  kind."  While  co-operative  parts  would  often  be  more  or  less 

1  "  Origin  of  Species,"  p.  in  ;  "  Variation  of  Animals  and  Plants  under  Domes- 
tication." 
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correlated,  so  that  they  would  tend  to  vary  together,  coincident  varia- 
tion is  not  necessary.  The  lengthened  wing  might  be  gained  in  one 
generation,  and  the  strengthened  muscle  at  a  subsequent  period  ;  the 
bird  in  the  meanwhile  drawing  upon  its  surplus  energy,  aided  (as  1 
would  suggest)  by  the  strengthening  effect  of  increased  use  in  the  in- 
dividual. Seeing  that  artificial  selection  of  complicated  variations 
has  modified  animals  in  many  points  either  simultaneously  or  by  slow 
steps,  as  with  otter-sheep,  fancy  pigeons,  etc.  (many  of  the  characters 
thus  obtained  being  clearly  independent  of  use  and  disuse),  natural 
selection  must  be  credited  with  similar  powers,  and  Mr.  Wallace  con- 
cludes that  Mr.  Spencer's  insuperable  difficulty  is  "  wholly  imaginary." 
The  extract  concerning  a  somewhat  similar  "  class  of  difficulties," 
which  Mr.  Spencer  quotes  from  his  "  Principles  of  Biology,"  is  faulty 
in  its  reasoning,1  though  legitimate  in  its  conclusion  concerning  the 
increasing  difficulty  of  evolution  in  proportion  with  the  increasing 
number  and  complexity  of  faculties  to  be  evolved.  But  this  increasing 
difficulty  of  complex  evolution  is  only  overcome  by  some  favorably- 
varying  individuals  and  species — not  by  all.  And  as  the  difficulty  in- 
creases we  find  neglect  and  decay  of  the  less-needed  faculties — as 
with  domesticated  animals  and  civilized  men,  who  lose  in  one  direc- 
tion while  they  gain  in  another.  The  increasing  difficulty  of  complex 
evolution  by  natural  selection  is  no  proof  whatever  of  use-inheri- 
tance* except  to  those  who  confound  difficulty  with  impossibility. 

ALLEGED    RUINOUS   EFFECTS   OF    NATURAL    SELECTION. 

Mr.  Spencer  further  contends  that  natural  selection,  by  unduly  de- 
veloping specially  advantageous  modifications  without  the  necessary 
but  complex  secondary  modifications,  would  render  the  constitution  of 
a  variety  "  unworkable  "  (p.  23).  But  this  seems  hardly  feasible,  see- 
ing that  natural  selection  must  continually  favor  the  most  workable 
constitutions,  and  will  only  preserve  organisms  in  proportion  as  they 

1  Mr.  Spencer  weakly  argues  that  an  advantageous  attribute  (such  as  swiftness, 
keen  sight,  courage,  sagacity,  strength,  etc.)  cannot  be  increased  by  natural  selection 
unless  it  is  "  of  greater  importance,  for  the  time  being,  than  most  of  the  other  at- 
tributes ;  "  and  that  natural  selection  cannot  develop  any  one  superiority  when  ani' 
mals  are  equally  preserved  by  "  other  superiorities."  But  as  natural  selection  will 
simultaneously  eliminate  tendencies  to  slowness,  blindness,  deafness,  stupidity,  etc. , 
it  must  favor  and  improve  many  points  simultaneously,  although  no  one  of  them  may 
be  of  greater  importance  than  the  rest.  Of  course  the  more  complicated  the  evolution 
the  slower  it  will  be  ;  but  time  is  plentiful,  and  the  amount  of  elimination  is  corres- 
pondingly vast. 

9  I  venture  to  coin  this  concise  term  to  signify  the  direct  inheritance  of  the  effects  of 
use  and  disitse  in  kind.  Having  a  name  for  a  thing  is  highly  convenient ;  it  facilitates 
clearness  and  accuracy  in  reasoning,  and  in  this  particular  inquiry  it  may  save  some 
confusion  of  thought  from  double  or  incomplete  meanings  in  the  shortened  phrases 
which  would  otherwise  have  to  be  employed  to  indicate  this  great  but  nameless  factor 
of  evolution, 
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combine  general  workableness  with  the  special  modification.  On  the 
other  hand,  according  to  Mr.  Spencer  himself,  use-inheritance  must 
often  disturb  the  balance  of  the  constitution.  Thus  it  tends  to  make 
the  jaws  and  teeth  unworkable  through  the  overcrowding  and  decay 
of  the  teeth,  there  being,  as  his  illustrations  show,  no  simultaneous  or 
concomitant  or  proportional  variation  in  relation  to  altered  degree  of 
use  or  disuse. 

ADVERSE    CASE    OF    NEUTER    INSECTS. 

Mr.  Spencer  also  holds  that  most  mental  phenomena,  especially 
where  complex  or  social  or  moral,  can  only  be  explained  as  arising 
from  use-inheritance,  which  becomes  more  and  more  important  as  a 
factor  of  evolution  as  we  advance  from  the  vegetable  world  and  the 
lower  grades  of  animal  life  to  the  more  complex  activities,  tastes,  and 
habits  of  the  higher  organizations  (preface  and  page  74.)  But  there 
happens  to  be  a  tolerably  clear  proof  that  such  changes  as  the  evolu- 
tion of  complicated  structures  and  habits  and  social  instincts  can  take 
place  independently  of  use-inheritance.  The  wonderful  instincts  of 
the  working  bees  have  apparently  been  evolved  (at  least  in  all  their 
later  social  complications  and  developments)  without  the  aid  of  use- 
inheritance — nay,  in  spite  of  its  utmost  opposition.  Working  bees,  be- 
ing infertile  "  neuters,"  cannot  as  a  rule  transmit  their  own  modifications 
and  habits.  They  are  descended  from  countless  generations  of  queen 
bees  and  drones,  whose  habits  have  been  widely  different  from  those 
of  the  workers,  and  whose  structures  are  dissimilar  in  various  respects. 
In  many  species  of  ants  there  are  two,  and  in  the  leaf-cutting  ants  of 
Brazil  there  are  three,  kinds  of  neuters  which  differ  from  each  other 
and  from  their  male  and  female  ancestors  "  to  an  almost  incredible 
degree."  *  The  soldier  caste  is  distinguished  from  the  workers  by 
enormously  large  heads,  very  powerful  mandibles,  and  "  extraordinar- 
ily different "  instincts.  In  the  driver  ant  of  West  Africa  one  kind  of 
neuter  is  three  times  the  size  of  the  other,  and  has  jaws  nearly  five 
times  as  long.  In  another  case  "  the  workers  of  one  caste  alone  carry 
a  wonderful  sort  of  shield  on  their  heads."  One  of  the  three  neuter 
classes  in  the  leaf-cutting  ants  has  a  single  eye  in  the  midst  of  its 

*r  J  "Origin  of  Species,"  p.  128  ;  Bates'  "  Naturalist  on  the  Amazons."  Darwin  is 
"  surprised  that  no  one  has  hitherto  advanced  the  demonstrative  case  of  neuter  insects 
against  the  well-known  doctrine  of  inherited  habit  as  advanced  by  Lamarck."  As 
he  justly  observes,  "  it  proves  that  with  animals,  as  with  plants,  any  amount  of  modi- 
fication may  be  effected  by  the  accumulation  of  numerous,  slight,  spontaneous  varia- 
tions, which  are  in  any  way  profitable,  without  exercise  or  habit  having  been  brought 
into  play.  For  peculiar  habits  confined  to  the  workers  or  sterile  females,  however 
long  they  might  be  followed,  could  not  possibly  affect  the  males  and  fertile  females, 
which  alone  leave  any  descendants."  Some  slight  modification  of  these  remarks, 
however,  may  possibly  be  needed  to  meet  the  case  of  "  factitious  queens,"  who  (prob- 
ably through  eating  particles  of  the  royal  food)  become  capable  of  producing  a  few 
male  eggs.  15 
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forehead.  In  certain  Mexican  and  Australian  ants  some  of  the  neu- 
ters have  huge  spherical  abdomens  which  serve  as  living  reservoirs  of 
honey  for  the  use  of  the  community.  In  the  equally  wonderful  case 
of  the  termites,  or  so-called  "  white  ants  "  (which  belong,  however,  to 
an  entirely  different  order  of  insect  from  the  ants  and  bees),  the  neu- 
ters are  blind  and  wingless,  and  are  divided  into  soldiers  and  workers, 
each  class  possessing  the  requisite  instincts  and  structures  adapting  it 
for  its  tasks.  Seeing  that  natural  selection  can  form  and  maintain  the 
various  structures  and  the  exceedingly  complicated  instincts  of  ants 
and  bees  and  wasps  and  termites  in  direct  defiance  of  the  alleged  ten- 
dency to  use-inheritance,  surely  we  may  believe  that  natural  selection, 
unopposed  by  use-inheritance,  is  equally  competent  for  the  work  of 
complex  or  social  or  mental  evolution  in  the  many  cases  where  the 
strong  presumptive  evidence  cannot  be  rendered  almost  indisputable 
by  the  exceptional  exclusion  of  the  modified  animal  from  the  work  of 
reproduction. 

Ants  and  bees  seem  to  be  capable  of  altering  their  habits  and 
methods  of  action  much  as  men  do.  Bees  taken  to  Australia  cease  to 
store  honey  after  a  few  years'  experience  of  the  mild  winters.  Whole 
communities  of  bees  sometimes  take  to  theft,  and  live  by  plundering 
hives,  first  killing  the  queen  to  create  dismay  among  the  workers. 
Slave  ants  attend  devotedly  to  their  captors,  and  fight  against  their 
own  species.  Forel  reared  an  artificial  ant  colony  made  up  of  five 
different  and  more  or  less  hostile  species.  Why  cannot  a  much  more 
intelligent  animal  modify  his  habits  far  more  rapidly  and  compre- 
hensively without  the  aid  of  a  factor  which  is  clearly  unnecessary  in 
the  case  of  the  more  intelligent  of  the  social  insects  ? 

AESTHETIC    FACULTIES. 

The  modern  development  of  music  and  harmony  (p.  19)  is  undeni- 
able, but  why  could  it  only  have  been  brought  about  by  the  help  of 
the  inheritance  of  the  effects  of  use  ?  Why  are  we  to  suppose  that 
"minor  traits,"  such  as  the  "aesthetic  perceptions,"  cannot  have 
been  evolved  by  natural  selection  (p.  20)  or  by  sexual  selection  ? 
Darwin  holds  that  our  musical  faculties  were  developed  by  sexual 
preference  long  before  the  acquisition  of  speech.  He  believes  that 
the  "  rhythms  and  cadences  of  oratory  are  derived  from  previously 
developed  musical  powers  " — a  conclusion  "  exactly  opposite "  to 
that  arrived  at  by  Mr.  Spencer.1  The  emotional  susceptibility  to 
music,  and  the  delicate  perceptions  needed  for  the  higher  branches  of 
art,  were  apparently  the  work  of  natural  and  sexual  selection  in  the  long 
past.  Civilization,  with  its  leisure,  and  wealth,  and  accumulated  knowl- 
edge, perfects  human  faculties  by  artificial  cultivation,  develops  and 
combines  means  of  enjoyment,  and  discovers  unsuspected  sources 

1  "  Descent  of  Man,"  p.  294  and  foot-note. 
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of  interest  and  pleasure.  The  sense  of  harmony,  modern  as  it 
seems  to  be,  must  have  been  a  latent  and  indirect  consequence  of 
the  development  of  the  sense  of  hearing  and  of  melody.  Use,  at 
least,  could  never  have  called  it  into  existence.  Nature  favors  and 
develops  enjoyments  to  a  certain  extent,  for  they  subserve  self-preser- 
vation and  sexual  and  social  preference  in  innumerable  ways.  But 
modern  aesthetic  advance  seems  to  be  almost  entirely  due  to  the  cult- 
ure of  latent  abilities,  the  formation  of  complex  associations,  the 
selection  and  encouragement  of  talent,  and  the  wide  diffusion  and 
imitation  of  the  accumulated  products  of  the  well-cultivated  gehius 
of  favorably  varying  individuals.  The  fact  that  uneducated  persons 
do  -not  enjoy  the  higher  tastes,  and  the  rapidity  with  which  such 
tastes  are  acquired  or  professed  ought  to  be  sufficient  proof  that  mod- 
ern culture  is  brought  about  by  far  swifter  and  more  potent  influences 
than  use-inheritance.  Neither  would  this  hypothetical  factor  of  evo- 
lution materially  aid  in  explaining  the  many  other  rapid  changes  of 
habit  brought  about  by  education,  custom,  and  the  changed  conditions 
of  civilization  generally.  Powerful  tastes — as  is  incontestably  shown  in 
the  cases  of  alcohol  and  tobacco — lie  latent  for  ages,  and  suddenly 
become  manifest  when  suitable  conditions  arise.  Every  discovery, 
and  each  step  in  social  and  moral  evolution,  produces  its  wide-spread- 
ing train  of  consequences.  I  see  no  reason  why  use-inheritance  need 
be  credited  with  any  share  in  the  cumulative  results  of  the  invention 
of  printing,  and  the  steam-engine,  and  gun-powder,  or  of  freedom 
and  security  under  representative  government,  or  of  science  and  art, 
and  the  partial  emancipation  of  the  mind  of  man  from  superstition, 
or  of  the  innumerable  other  improvements  or  changes  that  take  place 
under  modern  civilization. 

Mr.  Spencer  suggests  an  inquiry  whether  the  greater  powers  pos- 
sessed by  eminent  musicians  were  not  mainly  due  to  the  inherited 
effect  of  the  musical  practice  of  their  fathers  (p.  19).  But  these  great 
musicians  inherited  far  more  than  their  parents  possessed.  The 
excess  of  their  powers  beyond  their  parents'  must  surely  be  attributed 
to  spontaneous  variation  ;  and  who  shall  say  that  the  rest  was  in  any 
way  due  to  use-inheritance  ?  If,  too,  the  superiority  of  geniuses 
proves  use-inheritance,  why  should  not  the  inferiority  of  the  sons  of 
geniuses  prove  the  existence  of  a  tendency  which  is  the  exact  oppo- 
site of  use-inheritance  ?  But  nobody  collects  facts  concerning  the 
degenerate  branches  of  musical  families.  Only  the  favorably  varying 
branches  are  noticed,  and  a  general  impression  of  rapid  evolution  of 
talent  is  thus  produced.  Such  cases  might  be  explained,  too,  by  the 
facts  that  musical  faculty  is  strong  in  both  sexes,  that  musical  families 
associate  together,  and  that  the  more  gifted  members  may  intermarry. 
Great  musicians  are  often  astonishingly  precocious.  Meyerbeer 

14  played  brilliantly  "  at  the  age  of  six.     Mozart  played  beautifully  at 
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four.  Are  we  to  suppose  that  the  effect  of  the  adult  practice  of 
parents  was  inherited  at  this  early  age  ?  If  use-inheritance  was  not 
necessary  in  the  case  of  Handel,  whose  father  was  a  surgeon,  why  is 
it  needed  to  account  for  Bach  ? 

LACK    OF   EVIDENCE. 

The  "  direct  proofs "  of  use-inheritance  are  not  as  plentiful  as 
might  be  desired,  it  appears  (pp.  24-28).  This  acknowledged  "  lack 
of  recognized  evidence  "  is  indeed  the  weakest  feature  in  the  case, 
though  Mr.  Spencer  would  fain  attribute  this  lack  of  direct  proof  to 
insufficient  investigation  and  to  the  inconspicuous  nature  of  the  inher- 
itance of  the  modification.  But  there  is  an  almost  endless  abundance 
of  conspicuous  examples  of  the  effects  of  use  and  disuse  in  the  indi- 
vidual. How  is  it  that  the  subsequent  inheritance  of  these  effects  has 
not  been  more  satisfactorily  observed  and  investigated?  Horse- 
breeders  and  others  could  profit  by  such  a  tendency,  and  one  cannot 
help  suspecting  that  the  reason  they  ignore  it  must  be  its  practical  in- 
efficacy,  arising  probably  from  its  weakness,  its  obscurity  and  uncer- 
tainty or  its  non-existence. 

INHERITED   EPILEPSY   IN   GUINEA    PIGS. 

Brown-S^quard's  discovery  that  an  epileptic  tendency  artificially 
produced  by  mutilating  the  nervous  system  of  a  guinea  pig,  is  occa- 
sionally inherited,  may  be  a  fact  of  "considerable  weight,"  or,  on  the 
other  hand,  it  may  be  entirely  irrelevant.  Cases  of  this  kind  strike  one 
as  peculiar  exceptions  rather  than  as  examples  of  a  general  rule  or  law. 
They  seem  to  show  that  certain  morbid  conditions  may  occasionally 
affect  both  the  individual  and  the  reproductive  elements  or  trans- 
missible type  in  a  similar  manner  ;  but  then  we  also  know  that  such 
prompt  and  complete  transmission  of  an  artificial  modification  is 
widely  different  from  the  usual  rule.  Exceptional  cases  require  ex- 
ceptional explanations,  and  are  scarcely  good  examples  of  the  effect 
of  a  general  tendency,  which  in  almost  all  other  cases  is  so  incon- 
spicuous in  its  immediate  effects.  Further  remarks  on  this  inherited 
epilepsy  can  be  most  conveniently  introduced  later  on  in  connection 
with  Darwin's  explanation  of  the  inherited  mutilation  which  it  usually 
accompanies,  but  which  Mr.  Spencer  does  not  mention. 

INHERITED    INSANITY    AND    NERVOUS   DISORDERS. 

Mr.  Spencer  infers  that,  because  insanity  is  usually  hereditary,  and 
insanity  can  be  artificially  produced  by  various  excesses,  therefore 
this  artificially  produced  insanity  must  also  be  hereditary  (p.  28). 
Direct  evidence  of  this  conclusion  would  be  better  than  a  mere  infer- 
ence which  may  beg  the  very  question  at  issue.  That  the  liability  to 
insanity  commonly  runs  in  families  is  no  proof  that  strictly  non- 
18 
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inherited  insanity  will  subsequently  become  hereditary.  I  think  that 
theories  should  be  based  on  facts  rather  than  facts  on  theories, 
especially  when  those  facts  are  to  be  the  basis  or  proof  of  a  further 
theory. 

Mr.  Spencer  also  points  out  that  he  finds  among  physicians  "  the 
belief  that  nervous  disorders  of  a  less  severe  kind  are  inheritable  " — 
a  general  belief  which  does  not  necessarily  include  the  transmission  of 
purely  artificially  produced  disorders,  and  so  misses  the  point  which 
is  really  at  issue.  He  proceeds,  however,  to  state  more  definitely  that 
"  men  who  have  prostrated  their  nervous  systems  by  prolonged  over- 
work, or  in  some  other  way,  have  children  more  or  less  prone  to 
nervousness."  The  following  observations  will,  I  think,  warrant  at 
least  a  suspension  of  judgment  concerning  this  particular  form  of  use- 
inheritance. 

(1)  The  nervousness  is  seen  in  the  children  at  an  early  age,  although 
the   nervous   prostration   from   which   it   is  supposed  to  be  derived 
obviously  occurs  in  the  parent  at  a  much  later  period  of  life.     This 
change  in  time  is  contrary  to  the  rule  of  inheritance  at  corresponding 
periods  ;  and,  together  with  the  unusual  promptness  and  comparative 
completeness  of  the  inheritance,  it  may  indicate  a  special  injury  or 
deterioration  of   the  reproductive  elements  rather  than  true  inherit- 
ance.   The  healthy  brain  of  early  life  has  failed  to  transmit  its  robust 
condition.     Is  use-inheritance,  then,  only  effective  for  evil  ?     Does  it 
only  transfer  the  newly-acquired  weakness,  and  not  the  previous  long- 
continued  vigor  ? 

(2)  Members  of  nervous   families  would  be  liable  to  suffer  from 
nervous  prostration,  and  by  the  ordinary  law  of  heredity  alone  would 
transmit  nervousness  to  their  children. 

(3)  The  shattered  nerves,  or  insanity,  resulting  from  alcoholic  and 
other  excesses,  or  from  over-work  or  trouble,  are  evidently  signs  of  a 
grave  constitutional  injury,  which  may  re-act  upon  the  reproductive 
elements  nourished  and  developed  in  that  ruined  constitution.     The 
deterioration  in  parent  and  child  may  often  display  itself  in  the  same 
organs — those  probably   which  are  hereditarily  weakest.      Acquired 
diseases  or  disorders  thus  appear  to  be  transmitted,  when  all  that  was 
conveyed  to  the  offspring  was  the  exciting  cause  of  a  lowered  vitality 
or  disordered   action,  together  with   the   ancestral    liability  to  such 
diseases  under  such  conditions. 

(4)  Francis  Gallon  says   that  "  it  is  hard  to  find  evidence  of  the 
power  of  the  personal  structure  to  re-act  upon  the  sexual  elements 
that  is  not  open  to  serious  objection."    Some  of  the  cases  of  apparent 
inheritance  he  regards  as  coincidence  of  effect.    Thus,  "  the  fact  that  a 
drunkard  will  often  have  imbecile  children,  although  his  offspring  pre- 
vious to  his  taking  to  drink  were  healthy,"  is  an  "instance  of  simul- 
taneous action,"  and  not  of  true  inheritance,     «  The  alcohol  pervade* 
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his  tissues,  and,  of  course,  affects  the  germinal  matter  in  the  sexua? 
elements  as  much  as  it  does  that  in  his  own  structural  cells,  which 
have  led  to  an  alteration  in  the  quality  of  his  own  nerves.  Exactly 
the  same  must  occur  in  the  case  of  many  constitutional  diseases  that 
have  been  acquired  by  long-continued  irregular  habits." ' 

INDIVIDUAL     AND     TRANSMISSIBLE    TYPE    NOT    MODIFIED    ALIKE    BY    THE 
DIRECT    EFFECT    OF    CHANGED    HABITS    OR   CONDITIONS. 

Mr.  Spencer  finds  it  hard  to  believe  that  the  modifications  conveyed 
to  offspring  are  not  identical  in  tendency  with  the  changes  effected  in 
the  parent  by  altered  use  or  habit  (pp.  23-25,  34).  But  it  is  perfectly 
certain  that  the  two  sets  of  effects  do  not  necessarily  correspond.  The 
effect  of  changed  habits  or  conditions  on  the  individual  is  often  very 
far  from  coinciding  with  the  effects  on  the  reproductive  elements  or  the 
transmissible  type.  The  reproductive  system  is  "  extremely  sensitive  " 
to  very  slight  changes,  and  is  often  powerfully  affected  by  circum- 
stances, which  otherwise  have  little  effect  on  the  individual  ("  Origin 
of  Species,"  p.  4).  Various  animals  and  plants  become  sterile  when 
domesticated  or  supplied  with  too  much  nourishment.  The  native 
Tasmanians  have  already  become  extinct  from  sterility  caused  by  greatly 
changed  diet  and  habits.  If,  as  Mr.  Spencer  teaches,  continued  cul- 
ture and  brain-work  will  in  time  produce  lessened  fertility  or  com- 
parative sterility,  we  may  yet  have  to  be  careful  that  intellectual 
development  does  not  become  a  species  of  suicide,  and  that  the  culture 
of  the  race  does  not  mean  its  extinction — or  at  least  the  extinction  of 
those  most  susceptible  of  culture. 

The  reproductive  elements  are  also  disturbed  and  modified  in  in- 
numerable minor  ways.  Changed  conditions  or  habits  tend  to  pro- 
duce a  general  "  plasticity  "  of  type,  the  "  indefinite  variability  "  thus 
caused  being  apparently  irrelevant  to  the  change,  if  any,  in  the  indi- 
vidual.8 A  vast  number  of  variations  of  structure  have  certainly 
arisen  independently  of  similar  parental  modification  as  the  prelimi- 
nary. Whatever  first  caused  these  "  spontaneous  "  congenital  varia- 
tions affected  the  reproductive  elements  quite  differently  from  the 
individual.  "When  a  new  peculiarity  first  appears  we  can  never 
predict  whether  it  will  be  inherited."  Many  varieties  of  plants  only 
keep  true  from  shoots,  and  not  from  seed,  which  is  by  no  means 

1  Contemporary  Review,  p.  92,  December,  1875. 

8  See  "  Origin  of  Species,"  pp.  3-5.  "  Changed  conditions  induce  an  almost  indefi- 
nite amount  of  fluctuating  variability,  by  which  the  whole  organization  is  rendered 
in  some  degree  plastic"  ("  Descent  of  Man,"  p.  17).  It  also  appears  that  "  the  na- 
ture of  the  conditions  is  of  subordinate  importance  in  comparison  with  the  nature 
of  the  organism  in  determining  each  particular  form  of  variation  ;  perhaps  of  not 
more  importance  than  the  nature  of  the  spark,  by  which  a  mass  of  combustible  mat- 
ter is  ignited,  has  in  determining  the  nature  of  the  flames"  ("  Origin  of  Species," 

P- 5). 
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acted  on  in  the  same  way  as  the  individual  plant.  Seeing  that  such 
plants  have  two  reproductive  types,  both  constant,  it  is  evident  that 
these  cannot  both  be  modified  in  the  same  way  as  the  parent  is  modi- 
fied. Many  parental  modifications  of  structure  and  habit  are  certainly 
not  conveyed  to  neuter  ants  and  bees  ;  other  modifications,  which  are 
not  seen  in  the  parents,  being  conveyed  instead.  Many  other  circum- 
stances tend  to  show  that  the  individual  and  the  transmissible  type 
are  independent  of  each  other  so  far  as  modifications  of  parts  are 
concerned. 

It  may  seem  natural  to  expect  the  transmission  of  an  enlarged 
muscle  or  a  cultivated  brain,  but,  on  the  other  hand,  why  should  it 
be  unreasonable  to  expect  that  a  modification  which  was  non-congen- 
ital in  origin  should  still  remain  non-congenital  ?  Why  should  the 
non-transmission  of  that  which  was  not  transmitted  be  surprising  ? 

Mr.  Spencer  thinks  that  the  non-transmission  of  acquired  modifica- 
tions is  incongruous  with  the  great  fact  of  atavism.  But  the  great 
law  of  the  inheritance  of  that  which  is  a  development  of  the  transmis- 
sible type  does  not  necessarily  imply  the  inheritance  of  modifications 
acquired  by  the  individual.  Because  English  children  may  inherit 
blue  eyes  and  flaxen  hair  from  their  Anglo-Saxon  ancestors,  it  by  no 
means  follows  that  an  Englishman  must  inherit  his  father's  sunburnt 
complexion  or  smooth-shaven  face.  Of  course,  atavism  ultimately 
adopts  many  instances  of  revolt  against  its  sway.  But  to  assume  that 
these  changes  of  type /<$>//<?#'  the  personal  change  rather  than  cause  it, 
is  to  assume  the  whole  question  at  issue.  That  like  begets  like  is  true 
as  a  broad  principle,  but  it  has  many  exceptions,  and  the  non-heredity 
of  acquired  characters  may  be  one  of  them. 
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THE  most  formidable  cases  brought  forward  by  Mr.  Spencer  are 
from  Darwin.  I  shall  endeavor  to  show,  however,  that  Dar- 
win was  probably  wrong  in  retaining  the  older  explanation  of  these 
facts,  and  that  the  remains  of  the  Lamarckian  theory  of  use-inherit- 
ance need  not  any  longer  incumber  the  great  explanation  which  has 
superseded  that  fallacious  and  unproven  theory,  and  has  rendered  it 
totally  unnecessary.  Meanwhile,  I  think  it  is  an  excellent  sign  that 
Mr.  Spencer  has  to  complain  that  "  nowadays  most  naturalists  are 
more  Darwinian  than  Mr.  Darwin  himself,"  inasmuch  as  they  are  in- 
clined to  say  that  there  is  "  no  proof  "  that  the  effects  of  use  and  dis- 
use are  inherited.  Other  excellent  signs  are  the  recent  issue  of  a 
translation  of  Weismann's  important  essays  on  this  and  kindred  sub- 
jects,1 the  strong  support  given  to  his  views  by  Wallace  in  his  "  Dar- 
winism," and  their  adoption  by  Ray  Lankester  in  his  article  on  Zool- 
ogy in  the  latest  edition  of  the  "  Encyclopaedia  Britannica."  So  sound 
and  cautious  an  investigator  as  Francis  Galton  had  also,  in  1875,  con- 
cluded that  "  acquired  modifications  are  barely,  if  at  all,  inherited  in 
the  correct  sense  of  that  word." 

Darwin's  belief  in  the  inheritance  of  acquired  characters  was  more 
or  less  hereditary  in  the  family.  His  grandfather,  Erasmus  Darwin, 
anticipated  Lamarck's  views  in  his  "  Zoonomia,"  which  Darwin  at  one 
time  "  greatly  admired."  His  father  was  "  convinced  "  of  the  "  in- 
herited evil  effects  of  alcohol, '  and  to  this  extent,  at  least,  he  strongly 
impressed  the  belief  in  the  inheritance  of  acquired  characters  upon  his 
children's  minds.8  Darwin  must  also  have  been  imbued  with  La- 
marckian ideas  from  other  sources,  although  Dr.  Grant's  enthusiastic 
advocacy  entirely  failed  to  convert  him  to  a  belief  in  evolution.* 
"  Nevertheless,"  he  says,  "  it  is  probable  that  the  hearing  rather  early 

'Weismann's  "Essays  on  Heredity,"  etc. 

*  "  Life  and  Letters,"  i.,  p.  16.  Darwin's  reverence  for  his  father  "was  boundless 
and  most  touching.  He  would  have  wished  to  judge  everything  else  in  the  world  dis- 
passionately, but  anything  his  father  had  said  was  received  with  almost  implicit  faith. 
.  .  .  He  hoped  none  of  his  sons  would  ever  believe  anything  because  he  said  it, 
unless  they  were  themselves  convinced  of  its  truth — a  feeling  in  striking  contrast  with 
his  own  manner  of  faith."  ("  Life  and  Letters,"  i.,  pp.  10,  n.) 
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in  life  such  views  maintained  and  praised  may  have  favored  my  up- 
holding them  under  a  different  form  in  my  "  Origin  of  Species  " — a 
remark  which  refers  to  Lamarck's  views  on  the  general  doctrine  of 
evolution,  but  might  also  prove  equally  true  if  applied  to  Darwin's 
partial  retention  of  the  Lamarckian  explanation  of  that  evolution. 
Professor  Huxley  has  pointed  out  that,  in  Darwin's  earlier  sketch  of 
his  theory  of  evolution  (1844),  he  attached  more  weight  to  the  inher- 
itance of  acquired  habits  than  he  does  in  his  "  Origin  of  Species," 
published  fifteen  years  later.1  He  appears  to  have  acquired  the  be- 
lief in  early  life  without  first  questioning  and  rigorously  testing  it  as 
he  would  have  done  had  it  originated  with  himself.  In  later  life  it 
appeared  to  assist  his  theory  of  evolution  in  minor  points,  and  in  par- 
ticular it  appeared  absolutely  indispensable  to  him  as  the  only  expla- 
nation of  the  diminution  of  disused  parts  in  cases  where,  as  in  domes- 
tic animals,  economy  of  growth  seemed  to  be  practically  powerless. 
He  failed  to  adequately  notice  the  effect  of  panmixia,  or  the  with- 
drawal of  selection,  in  causing  or  allowing  degeneracy  and  dwindling 
under  disuse  ;  and  he  hardly  attached  sufficient  importance  to  the 
fact  that  rudimentary  organs,  and  other  supposed  effects  of  use  or  dis- 
use, are  quite  as  marked  features  in  neuter  insects,  which  cannot 
transmit  the  effects  of  use  and  disuse,  as  they  are  in  the  higher 
animals. 

REDUCED    WINGS   OF    BIRDS   OF    OCEANIC    ISLANDS. 

Darwin  himself  has  pointed  out  that  the  rudimentary  wings  of  island 
beetles,  at  first  thought  to  be  due  to  disuse,  are  mainly  brought  about 
by  natural  selection — the  best-winged  beetles  being  most  liable  to  be 
blown  out  to  sea.  But  he  says  that  in  birds  of  the  Oceanic  Islands, 
"  not  persecuted  by  any  enemies,  the  reduction  of  their  wings  has 
probably  been  caused  by  disuse."  This  explanation  may  be  as  falla- 
cious as  it  is  acknowledged  to  have  been  in  the  case  of  the  island 
beetles.  According  to  Darwin's  own  views,  natural  selection  must 
at  least  have  played  an  important  part  in  reducing  the  wings  ;  for  he 
holds  that  "  natural  selection  is  continually  trying  to  economize 
every  part  of  the  organization."  He  says  :  "  If,  under  changed  con- 
ditions of  life,  a  structure,  before  useful,  becomes  less  useful,  its 
diminution  will  be  favored,  for  it  will  profit  the  individual  not  to 
have  its  nutriment  wasted  in  building  up  an  useless  structure.  .  .  . 
Thus,  as  I  believe,  natural  selection  will  tend  in  the  long  run  to  re- 
duce any  part  of  the  organization  as  soon  as  it  becomes,  through 
changed  habits,  superfluous."  *  If,  as  Darwin  powerfully  urges  (and 
he  here  ignores  his  usual  explanation),  ostriches'  wings  are  insufficient 
for  flight  in  consequence  of  the  economy  enforced  by  natural  selec- 
tion,1 why  may  not  the  reduced  wings  of  the  dodo  or  the  penguin, 

1  "  Life  and  Letters,"  ii.,  p.  14.         *  "  Origin  of  Species,"  p.  66.         3  Ibid.  p.  100. 
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or  the  apteryx,  or  of  the  Cursores  generally,  be  wholly  attributed  io 
natural  selection  in  favor  of  economy  of  material  and  adaptation 
of  parts  to  changed  conditions  ?  The  great  principle  of  economy  is 
continually  at  work  shaping  organisms,  as  sculptors  shape  statues,  by 
removing  the  superfluous  parts ;  and  a  mere  glance  at  the  forms  of 
animals  in  general  will  show  that  it  is  well-nigh  as  dominant  and  uni- 
versal a  principle  as  is  that  of  the  positive  development  of  useful 
parts.  Other  causes,  moreover,  besides  actual  economy,  would  favor 
shorter  and  more  convenient  wings  on  oceanic  islands.  In  the  first 
place,  birds  that  were  somewhat  weak  on  the  wing  would  be  most 
likely  to  settle  on  an  island  and  stay  there.  Shortened  wings  would 
then  become  advantageous,  because  they  would  restrain  fatal  migra- 
tory tendencies  or  useless  and  perilous  flights,  in  which  the  birds  that 
flew  furthest  would  be  most  often  carried  away  by  storms  and  adverse 
winds.  Reduced  wings  would  keep  the  birds  near  the  shelter  and 
the  food  afforded  by  the  island  and  its  neighborhood,  and  in  some 
cases  would  become  adapted  to  act  as  fins  or  flappers  for  swimming 
under  water  in  pursuit  of  fish. 

The  reduced  size  of  the  wings  of  these  island  birds  is  paralleled  by 
the  remarkable  thinness,  etc.,  of  the  shell  of  the  "  gigantic  land- 
tortoise  "  of  the  Galapagos  Islands.  The  changes  seen  in  the  cara- 
pace can  hardly  have  been  brought  about  by  the  inherited  effects  of 
special  disuse.  Why,  then,  should  not  the  reduction  of  equally  use- 
less, more  wasteful,  and  perhaps  positively  dangerous  wings  be  also 
due  to  an  economy  which  has  become  advantageous  to  bird  and  rep- 
tile alike  through  the  absence  of  the  mammalian  rivals  whose  places 
they  are  evidently  being  modified  to  fill  ?  The  complete  loss  of  the 
wings  in  neuter  ants  and  termites  can  scarcely  be  due  to  the  inherited 
effects  of  disuse  ;  and  as  natural  selection  has  abolished  these  wings, 
in  spite  of  the  opposition  of  use-inheritance,  it  must  clearly  be  fully 
competent  to  reduce  wings  without  its  aid.  In  considering  the  rudi- 
mentary wings  of  the  apteryx,  or  of  the  moa,  emu,  ostrich,  etc.,  we 
must  not  forget  the  frequent  or  occasional  occurrence  of  hard  seasons 
and  times  of  drought  and  famine,  when  nature  eliminates  redundant, 
wasteful  and  ill-adapted  organisms  in  so  severe  and  wholesale  a 
fashion.  Where  enemies  are  absent  there  would  be  unrestrained  mul- 
tiplication, and  this  would  greatly  increase  the  severity  of  the  com- 
petition for  food,  and  so  hasten  the  elimination  of  disused  and  useless 
parts. 

DROOPING   EARS  AND   DETERIORATED   INSTINCTS. 

Mr.  Galton  has  pointed  out  that  existing  races  and  existing  organs 
are  only  kept  at  their  present  high  pitch  of  organic  excellence  by  the 
stringent  and  incessant  action  of  natural  or  artificial  selection,  and 
the  simple  relaxation  or  withdrawal  of  such  selective  influences  will 
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almost  necessarily  result  in  a  certain  amount  of  deterioration,  inde- 
pendently even  of  the  principle  of  economy.1  I  think  that  this  ces- 
sation of  a  previous  selective  process  will  account  for  the  drooping — 
but  not  diminished — ears  of  various  domesticated  animals  (human 
preference  and  increased  weight  evidently  aiding),  and  also  for  the 
inferior  instincts  seen  in  them  and  in  artificially-fed  caterpillars  of 
the  silk-moth,  which  now  "  often  commit  the  strange  mistake  of  de- 
vouring the  base  of  the  leaf  on  which  they  are  feeding,  and  conse- 
quently fall  down."  Anyhow,  I  fail  to  see  that  anything  is  proved  by 
this  latter  case,  except  that  natural  instinct  may  be  perverted  or 
aborted  under  unnatural  conditions  and  a  changed  method  of  selec- 
tion which  abolishes  the  powerful  corrective  formerly  supplied  by 
natural  selection. 

WINGS   AND   LEGS   OF   DUCKS   AND    FOWLS. 

The  reduced  wings  and  enlarged  legs  of  domesticated  ducks  and 
fowls  are  attributed  by  Darwin  and  Spencer  to  the  inheritance  of  the 
effects  of  use  and  disuse.  But  the  inference  by  no  means  follows. 
Natural  selection  would  usually  favor  these  adaptive  changes,  and 
they  would  also  have  been  aided  by  an  artificial  selection  which  is 
often  unconscious  or  indirect.  Birds  with  diminished  power  of  flight 
would  be  less  difficult  to  keep  and  manage,  and  in  preserving  and 
multiplying  such  birds  man  would  be  unconsciously  bringing  about 
structural  changes  which  would  easily  be  regarded  as  effects  of  use 
and  disuse.  "  About  eighteen  centuries  ago  Columella  and  Varro 
speak  of  the  necessity  of  keeping  ducks  in  netted  enclosures  like 
other  wild  fowl,  so  that  at  this  period  there  was  danger  of  their  flying 
away."1  Is  it  not  probable  that  the  best  flyers  would  escape  most 
frequently,  or  would  pine  most  if  kept  confined  ?  On  the  other  hand, 
birds  with  lessened  powers  of  flight  would  not  be  eliminated  as  under 
natural  conditions,  but  would  be  favored  ;  and  natural  selection,  to- 
gether with  artificial  selection  of  the  most  flourishing  birds,  would 
thicken  and  strengthen  the  legs  to  meet  increased  demands  upon 
them. 

The  diminution  of  the  duck's  wing  is  not  great  even  in  the  birds 
that  "  never  fly,"  and  from  this  we  must  deduct  the  direct  effect  of 
disuse  on  the  individual  during  its  lifetime.  As  Weismann  suggests, 
the  inherited  portion  of  the  change  could  only  be  ascertained  by  com- 
paring the  bones,  etc.,  of  wild  and  tame  ducks  similarly  reared.  If  in- 
dividual disuse  diminished  the  weight  of  the  duck's  wing-bones  by  9 
per  cent,  there  would  be  nothing  left  to  account  for. 

I  suspect  that  investigation  would  reveal  anomalies  inconsistent 
with  the  theory  of  use-inheritance.  Thus,  according  to  Darwin's  tables 

1  Contemporary  Review,  pp.  89,  93,  December,  1875. 
8  "  Variation  of  Animals  and  Plants  under  Domestication,"  i.,  p.  292. 
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of  comparative  weights  and  measurements,1  the  leg-bones  of  the  Pen- 
guin duck  have  slightly  diminished  in  length,  although  they  have  in- 
creased 39  per  cent,  in  weight.  Relatively  to  the  weight  of  the  skele- 
ton, the  leg-bones  have  shortened  in  the  tame  breeds  of  ducks  by  over 
5  per  cent,  (and  in  two  breeds  by  over  8  per  cent.),  although  they  have 
increased  more  than  28  per  cent,  in  proportional  weight.2  How  can 
increased  use  simultaneously  shorten  and  thicken  these  bones  ?  If  the 
relative  shortening  is  attributed  to  a  heavier  skeleton,  then  the  ap- 
parently reduced  weight  of  the  wing-bones  is  fully  accounted  for  by 
the  same  circumstance,  and  disuse  has  had  no  inherited  effect. 

Another  strange  circumstance  is  that  the  wing-bones  have  dimin- 
ished in  length  only.  The  shortening  is  about  6  per  cent,  more  than  in 
the  shortened  legs,  and  it  amounts  to  1 1  per  cent,  as  compared  with 
the  weight  of  the  skeleton.  Such  a  shortening  should  represent  a  re- 
duction of  29  per  cent,  in  weight,  whereas  the  actual  reduction  in  the 
weight  of  the  wing-bones  relatively  to  the  weight  of  the  skeleton  is 
only  9  per  cent,  even  in  the  breeds  that  never  fly.  Independently  of 
shortening,  the  disused  wing-bones  have  actually  thickened  or  in- 
creased in  weight.  In  the  Aylesbury  duck  the  disproportion  caused 
by  these  conflicting  changes  is  so  great  that  the  wing-bones  are  47 
per  cent,  heavier  than  they  should  be  if  their  weight  had  varied  pro- 
portionally with  their  length.3  The  reduction  in  weight  on  which 
Darwin  relies  seems  to  be  entirely  due  to  the  shortening,  and  this 
shortening  appears  to  be  irrelevant  to  disuse,  since  the  wings  of  the 
Call  duck  are  similarly  shortened  in  their  proportions  by  12  per  cent., 
although  this  bird  habitually  flies  to  such  an  extent  that  Darwin 
partly  attributes  the  greatly  increased  weight  of  its  wing-bones  to  in- 
creased use  under  domestication. 

We  find  that  all  the  changes  are  in  the  direction  of  shorter  and 
thicker  bones — a  tendency  which  must  be  largely  dependent  upon  the 
suspension  of  the  rigorous  elimination  which  keeps  the  bones  of  the 

1  "  Variation  of  Animals  and  Plants  under  Domestication,"  i.,  pp.  299-301. 

9  To  keep  pace  with  this  lateral  increase  in  weight,  the  leg-bones  should  have 
lengthened  considerably,  so  that  their  total  deficiency  in  proportional  length  is  17  per 
cent. — a  changed  proportion  which  being  linear  is  more  excessive  than  the  increase 
of  weight  by  28  per  cent.  So  marked  is  the  effect  of  the  combined  thickening  and 
shortening,  that  in  the  Aylesbury  breed — which  is  the  most  typically  representative 
one — the  leg-bones  have  become  70  per  cent,  heavier  than  they  should  be  if  their 
thickness  had  continued  to  be  proportional  to  their  length. 

3  This  excessive  thickening  under  disuse  appears  to  be  due  partly  to  a  positive 
lateral  enlargement  or  increase  of  proportional  weight  of  about  7^  per  cent.,  and 
partly  to  a  shortening  of  about  15  per  cent.  Carefully  calculated,  the  reduction  of  the 
weight  of  the  wing-bones  in  this  breed  is  only  8*3  per  cent,  relatively  to  the  whole 
skeleton,  or  only  5  per  cent,  relatively  to  the  skeleton  minus  legs  and  wings.  The 
latter  method  is  the  more  correct,  since  the  excessive  weight  of  the  leg-bones  increases 
the  weight  of  the  skeleton  more  than  the  diminished  weight  of  the  wing-bones  re- 
duces it . 
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wild  duck  long  and  light.  The  used  leg-bones  and  the  disused  wing- 
bones  have  alike  been  shortened  and  thickened,  though  in  different 
proportions.  Natural  or  artificial  selection  might  easily  thicken  legs 
without  lengthening  them,  or  shorten  wings  without  eliminating  strong 
heavy  bones,  but  it  can  hardly  be  contended  that  use-inheritance  has 
acted  in  such  conflicting  ways.  The  thickening  of  the  wing-bones  has 
actually  more  than  kept  pace  with  any  increase  of  weight  in  the  skele- 
ton, in  spite  of  the  effect  of  individual  disuse  and  of  the  alleged  cumu- 
lative effect  of  ancestral  disuse  for  hundreds  of  generations.  The  case 
of  the  duck  deserves  special  attention  as  a  crucial  one,  if  only  from 
the  fact  that  in  this  instance,  and  in  this  instance  only,  has  Darwin 
given  the  weights  of  the  skeletons,  thus  furnishing  the  means  for  a 
closer  examination  of  his  details  than  is  usually  possible. 

If  we  ignore  such  factors  as  selection,  panmixia,  correlation,  and 
the  effects  of  use  and  disuse  during  lifetime,  and  still  regard  the  case 
of  the  domestic  duck  as  a  valid  proof  of  the  inheritance  of  the  effects 
of  use  and  disuse,  we  must  also  accept  it  as  an  equally  valid  proof 
that  the  effects  of  use  and  disuse  are  not  inherited.  Nay,  we  may  even 
have  to  admit  that,  in  two  points  out  of  four,  the  inherited  effect  of  use 
and  disuse  on  successive  generations  is  exactly  opposite  to  the  imme- 
diate effect  on  the  individual. 

Among  fowls  the  wing-bones  have  lost  much  in  weight,  but  little  or 
nothing  in  length,  which  is  the  reverse  of  what  has  occurred  in  ducks, 
although  disuse  is  alleged  to  be  the  common  cause  in  both  cases. 
Some  of  the  fowls  which  fly  least  have  their  wing-bones  as  long  as 
ever.  In  the  case  of  the  Silk  and  Frizzled  fowls — ancient  breeds 
which  "  cannot  fly  at  all  " — and  in  that  of  the  Cochins,  which  "  can 
hardly  fly  up  to  a  low  perch,"  Darwin  observes  "  how  truly  the  pro- 
portions of  an  organ  may  be  inherited  although  not  fully  exercised 
during  many  generations."  '  In  four  out  of  twelve  breeds  the  wing- 
bones  had  become  slightly  heavier  relatively  to  the  leg-bones.  Do 
not  these  facts  tend  to  show  that  the  changes  in  fowls'  wings  are  due 
to  fluctuating  variability  and  selective  influences  rather  than  to  a 
general  law  whereby  the  effects  of  disuse  are  cumulatively  inherited  ? 

PIGEONS'  WINGS. 

Concerning  pigeons'  wings  Darwin  says :  "As  fancy  pigeons  are 
generally  confined  in  aviaries  of  moderate  size,  and  as  even  when  not 
confined  they  do  not  search  tor  their  own  food,  they  must  during 
many  generations  have  used  their  wings  incomparably  less  than  the 
wild  rock  pigeon.  .  .  .  But,  when  we  turn  to  the  wings,  we  find 
what  at  first  appears  a  wholly  different  and  unexpected  result."'  This 
unexpected  increase  in  the  spread  of  the  wings  from  tip  to  tip  is  due 

1  "Variation  of  Animals  and  Plants  under  Domestication,"  i.,  p.  284. 
*  Ibid,  i.,  pp.  184,  185. 
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to  the  feathers,  which  have  lengthened  in  spite  of  disuse.  Excluding 
the  feathers,  the  wings  were  shorter  in  seventeen  instances,  and  longer 
in  eight.  But,  as  artificial  selection  has  lengthened  the  wings  in  some 
instances,  why  may  it  not  have  shortened  them  in  others  ?  Wings 
with  shortened  bones  would  fold  up  more  neatly  than  the  long  wings 
of  the  Carrier  pigeon  for  instance,  and  so  might  unconsciously  be 
favored  by  fanciers.  The  selection  of  elegant  birds  with  longer  necks 
or  bodies  would  cause  a  relative  reduction  in  the  wings — as  with  the 
Pouter,  where  the  wings  have  been  greatly  lengthened,  but  not  so 
much  as  the  body1.  Slender  bodies,  too,  and  the  lessened  divergence 
of  the  furculum,'  would  slightly  diminish  the  spread  of  the  wings,  and 
so  would  affect  the  measurements  taken.  As  the  wing-bones,  more- 
over, are  to  some  extent  correlated  with  the  beak  and  the  feet,  the 
artificial  selection  of  shortened  beaks  might  tend  to  shorten  the  wing 
as  well  as  the  feet.  Under  these  circumstances  how  can  we  be  sure 
of  the  actual  efficacy  of  use-inheritance  ?  Surely  selection  is  as  fully 
competent  to  effect  slight  changes  in  the  direction  of  use-inheritance 
as  it  undoubtedly  is  to  effect  great  changes  in  direct  opposition  to 
that  alleged  factor  of  evolution. 

SHORTENED    BREAST-BONE   IN    PIGEONS. 

The  shortening  of  the  sternum  in  pigeons  is  attributed  to  disuse  of 
the  flight  muscles  attached  to  it.  The  bone  is  only  shortened  by  a 
third  of  an  inch,  but  this  represents  a  very  remarkable  reduction  in 
proportional  length,  which  Darwin  estimates  at  from  one-seventh  to 
one-eighth,  or  over  13  per  cent.  This  marked  reduction,  too,  quite 
unlike  the  slight  reduction  of  the  wing-bones  to  which  the  other  ends 
of  the  muscles  are  attached,  was  universal  in  the  eleven  specimens 
measured  by  Darwin  ;  and  the  bone,  though  acknowledged  to  have 
been  modified  by  artificial  selection  in  some  breeds,  is  not  so  open  to 
observation  as  wings  or  legs.  Even,  however,  if  this  relative  shorten- 
ing of  the  sternum  remained  otherwise  inexplicable,  it  might  still  be 
as  irrelevant  to  use  and  disuse  as  is  the  fact  that  "  many  breeds  "  of 
fancy  pigeons  have  lost  a  rib,  having  only  seven  where  the  ancestral 
rock-pigeon  has  eight.3  But  the  excessive  reduction  in  the  sternum  is 
far  from  being  inexplicable.  In  the  first  place,  Darwin  has  somewhat 
over-estimated  it.  Instead  of  comparing  the  deficiency  of  length  with 
the  increased  length  which  should  have  been  acquired  (since  the  pig- 
eons have  increased  in  average  size),  he  compares  it  with  the  length 
of  the  breast-bone  in  the  rock-pigeon.4  By  this  method,  if  a  pigeon 

1  "  Variation  of  Animals  and  Plants  under  Domestication,"  i.,  pp.  144,  145. 

9 Ibid,  i.,  p.  185. 

*  Ibid,  i.,  p.  175. 

4 Ibid,  i.,  p.  184.  I  suspect  that  Darwin  was  in  poor  health  when  he  wrote  this 
page.  He  nods  at  least  four  times  in  it.  Twice  he  speaks  of  "  twelve"  breeds  where 
he  obviously  should  have  said  eleven. 
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had  doubled  in  dimensions  while  its  breast-bone  remained  unaltered, 
the  reduction  would  be  put  down  as  100  per  cent.,  whereas  obviously 
the  true  reduction  would  be  one-half,  or  50  per  cent,  of  what  the  bone 
should  be.  Avoiding  this  error  and  a  minor  fallacy  besides,  a  sound 
estimate  reduces  the  supposed  reduction  of  13  or  14  per  cent,  to  one 
of  117  per  cent.,  which  is  still,  of  course,  a  considerable  diminution. 

Part  of  this  reduction  must  be  due  to  the  direct  effect  of  disuse  dur- 
ing the  lifetime  of  the  individual.  Another  and  perhaps  very  consid- 
erable part  of  the  relative  change  must  be  attributed  to  the  lengthen- 
ing of  the  neck  or  body  by  artificial  selection,  or  to  other  modifications 
of  shape  and  proportion  effected  directly  or  indirectly  by  the  same 
cause.1  The  reduction  is  greatest  in  the  Pouter  (i8£  per  cent.)  and 
in  the  Pied  Scanderoon  (17^  per  cent.).  In  the  former,  the  body  has 
been  greatly  elongated  by  artificial  selection,  and  three  or  four  addi- 
tional vertebrae  have  been  acquired  in  the  hinder  part  of  the  body.* 
In  the  latter,  a  long  neck  increases  the  length  of  the  bird,  and  so 
causes,  or  helps  to  cause,  the  relative  shortening  of  the  breast-bone. 
In  the  English  Carrier,  which  experiences  the  effects  of  disuse,  as  it 
is  too  valuable  to  be  flown,  the  relative  reduction  of  1 1  per.  cent,  is 
apparently  more  than  accounted  for  by  the  "  elongated  neck."  The 
Dragon  also  has  a  long  neck.  In  the  Pouter,  although  the  breast- 
bone has  been  shortened  by  18^  per  cent,  relatively  to  the  length  of 
the  body,  it  has  lengthened  by  20  per  cent,  relatively  to  the  bulk  of  the 
body.3  Darwin  forgot  to  ask  whether  allowance  must  not  be  made 
for  a  frequent,  or  perhaps  general,  elongation  of  the  neck  and  the 
hinder  part  of  the  body,  and  the  relative  shortening  or  the  throwing 
forward  of  the  central  portion  containing  the  ribs  (frequently  one  less 
in  number)  and  the  sternum.  The  whole  body  of  the  pigeon  is  so 
much  under  the  control  of  artificial  selection  that  every  precaution 
must  be  taken  to  guard  against  such  possible  sources  of  error.4 

Under  domestication  there  would  be  a  suspension  of  the  previous 
elimination  of  reduced  breast-bones  by  natural  selection  (Weismann's 
panmixia),  and  a  diminution  of  the  parts  concerned  in  flying  might 
even  be  favored,  as  lessened  powers  of  continuous  flight  would  prevent 

1  If  a  prominent  breast  is  admired  and  selected  by  fanciers,  the  sternum  might 
shorten  in  assuming  a  more  forward  and  vertical  position.  If  the  shortening  of  the 
sternum  is  entirely  due  to  disuse,  it  seems  strange  that  Darwin  has  not  noticed  any 
similar  shortening  in  the  sternum  of  the  duck.  But  selection  has  not  tended  to  make 
the  duck  elegant,  or  "  pigeon-breasted."  It  has  enlarged  the  abdominal  sack  instead, 
besides  allowing  the  addition  of  an  extra  rib  in  various  cases. 

8  "  Variation  of  Animals  and  Plants  under  Domestication,"  pp.  144,  175. 

8  Ibid,  i.,  p.  179. 

4  In  the  six  largest  breeds  the  shortening  of  the  sternum  is  nearly  twice  as  great  as  in  the 
three  smaller  breeds  which  remain  nearest  the  rock-pigeon  in  size.  We  can  hardly  sup- 
pose that  use-inheritance  especially  affects  the  eight  breeds  that  have  varied  most  in  size. 
If  we  exclude  these,  there  is  only  a  total  shortening  of  7  per  cent,  to  be  accounted  for. 
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pigeons  from  straying  too  far,  and  would  fit  them  for  domestication 
or  confinement.  Such  causes  might  reduce  some  of  the  less  observed 
parts  affected  by  flying,  while  still  leaving  the  wing  of  full  size  for 
occasional  flight,  or  to  suit  the  requirements  of  the  pigeon-fanciers. 
A  change  might  thus  be  commenced  like  that  seen  in  the  rudimentary 
keel  of  the  sternum  in  the  owl-parrot  of  New  Zealand,  which  has  lost 
the  power  of  flight,  although  still  retaining  fairly-developed  wings. 

SHORTENED   FEET   IN   PIGEONS. 

Darwin  thinks  it  highly  probable  that  the  short  feet  of  most  breeds 
of  pigeons  are  due  to  lessened  use,  though  he  owns  that  the  effects  of 
correlation  with  the  shortened  beak  are  more  plainly  shown  than  the 
effects  of  disuse.1  But  why  need  the  inherited  effects  of  disuse  be 
called  in  to  explain  an  average  reduction  of  some  5  per  cent.,  when 
Darwin's  measurements  show  that  in  the  breeds  where  long  beaks  are 
favored,  the  principle  of  correlation  between  these  parts  has  length- 
ened the  foot  by  13  per  cent,  in  spite  of  disuse  ? 

SHORTENED    LEGS   OF    RABBITS. 

In  the  case  of  the  domestic  rabbit  Darwin  notices  that  the  bones  of 
the  legs  have  (relatively)  become  shorter  by  an  inch  and  a  half.  But 
as  the  leg-bones  have  not  diminished  in  relative  weight,"  they  must 
clearly  have  grown  thicker  or  denser.  If  disuse  has  shortened  them,  as 
Darwin  supposes,  why  has  it  also  thickened  them  ?  The  ears  and  the 
tail  have  been  lengthened  in  spite  of  disuse.  Why,  then,  may  not  the 
ungainly  hind-legs  have  been  shortened  by  human  preference  indepen- 
dently of  the  inherited  effects  of  disuse  ?  By  relying  on  apparently 
favorable  instances,  and  neglecting  the  others,  it  would  be  easy  to 
arrive  at  all  manner  of  unsound  conclusions.  We  might  thus  become 
convinced  that  vessels  tend  to  sail  northwards,  or  that  a  pendulum 
oscillates  more  often  in  one  direction  than  in  the  other.  It  must  not 
be  forgotten  that  it  would  be  easy  to  cite  an  enormous  number  of 
cases  which  are  in  direct  conflict  with  the  supposed  law  of  use-inherit- 
ance. 

BLIND    CAVE    ANIMALS. 

Weak  or  defective  eyesight  is  by  no  means  rare  as  a  spontaneous 
variation  in  animals,  "  the  great  French  veterinary,  Huzard,  going  so 
far  as  to  say  that  a  blind  race  [of  horses]  could  soon  be  formed." 
Natural  selection  evolves  blind  races  whenever  eyes  are  useless  or  dis- 
advantageous, as  with  parasites.  This  may  apparently  be  done  inde- 
pendently of  the  effects  of  disuse,  for  certain  neuter  ants  have  eyes 
which  are  reduced  to  a  more  or  less  rudimentary  condition,  and  neuter 
termites  are  blind  as  well  as  wingless.  In  one  species  of  ant  (Eciton 

1  "  Variation  of  Animals  and  Plants  under  Pomestication,"  j,?  pp,  183,  186, 
i  I,,  pp,  i?o,  135  ;  tt,,  p,  |M, 
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vastator)  the  sockets  have  disappeared  as  weM  as  the  eyes.  In  deep 
caves  not  only  would  natural  selection  cease  to  maintain  good  eye- 
sight, but  it  would  persistently  favor  blindness — or  the  entire  removal 
of  the  eye  when  greatly  exposed,  as  in  the  cave-crab  ;  and,  as  Dr.  Ray 
Lankester  has  indicated,1  there  would  have  been  a  previous  selection 
of  animals  which,  through  spontaneous  weakness,  sensitiveness,  or 
other  affection  of  the  eye,  found  refuge  and  preservation  in  the  cave, 
and  a  subsequent  selection  of  the  descendants,  whose  fitness  for 
relative  darkness  led  them  deeper  into  the  cave  or  prevented  them 
from  straying  back  to  the  light  with  its  various  dangers  and  severer 
competition.  Panmixia,  however,  as  Weismann  has  shown,  would 
probably  be  the  most  important  factor  in  causing  blindness. 

INHERITED   HABITS. 

Darwin  says :  "  A  horse  is  trained  to  certain  paces,  and  the  colt 
inherits  similar  consensual  movements."*  But  selection  of  the  con- 
stitutional tendency  to  these  paces,  and  imitation  of  the  mother  by  the 
colt,  may  have  been  the  real  causes.  The  evidence,  to  be  satisfactory, 
should  show  that  such  influences  were  excluded.  Men  acquire  pro- 
ficiency in  swimming,  waltzing,  walking,  smoking,  languages,  handi- 
crafts, religious  beliefs,  etc.,  but  the  children  only  appear  to  inherit 
the  innate  abilities  or  constitutional  proclivities  of  their  parents.  Even 
the  songs  of  birds,  including  their  call-notes,  are  no  more  inherited 
than  is  language  by  man  ("  Descent  of  Man,"  p.  47).  They  are 
learned  from  the  parent.  Nestlings,  which  acquire  the  song  of  a  dis- 
tinct species,  "  teach  and  transmit  their  new  song  to  their  offspring." 
If  use-inheritance  has  not  fixed  the  song  of  birds,  why  should  we  sup- 
pose that  in  a  single  generation  it  has  transmitted  a  newly-taught 
method  of  walking  or  trotting  ? 

It  is  alleged  that  dogs  inherit  the  intelligence  acquired  by  associa- 
tion with  man,  and  that  retrievers  inherit  the  effects  of  their  training.* 
But  selection  and  imitation  are  so  potent,  that  the  additional  hypo- 
thesis of  use-inheritance  seems  perfectly  superfluous.  Where  intelli- 
gence is  not  highly  valued  and  carefully  promoted  by  selection,  the 
intelligence  derivable  from  association  with  man  does  not  appear  to  be 
inherited.  Lap-dogs,  for  instance,  are  often  remarkably  stupid. 

Darwin  also  instances  the  inheritance  of  dexterity  in  seal-catching 
as  a  case  of  use-inheritance.4  But  this  is  amply  explained  by  the  ordi- 
nary law  of  heredity.  All  that  is  needed  is  that  the  son  shall  inherit 
the  suitable  faculties  which  the  father  inherited  before  him. 

1  "  Encyclopaedia  Britannica,"  article  "  Zoology." 
9  "  Variation  of  Animals  and  Plants  under  Domestication,"  ii.,  p.  367. 
8 Ibid,  ii.,  p.  367.     Why,  then,  does  the  cheetah  inherit  ancestral  habits  so  inade- 
quately, that  it  is  useless  for  the  chase  unless  it  has  first  learned  to  hunt  for  itself 
before  being  captured  ?  (ii.,  p.  133.) 

4  "  Descent  of  Man,"  p.  18. 
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TAMENESS   OF    RABBITS 

Darwin  holds  that  in  some  cases  selection  alone  has  modified  the 
instincts  and  dispositions  of  domesticated  animals,  but  that  in  most 
cases  selection  and  the  inheritance  of  acquired  habits  have  concurred 
in  effecting  the  change.  "  On  the  other  hand,"  he  says,  "  habit  alone 
in  some  cases  has  sufficed  ;  hardly  any  animal  is  more  difficult  to  tame 
than  the  young  of  the  wild  rabbit ;  scarcely  any  animal  is  tamer  than 
the  young  of  the  tame  rabbit ;  but  I  can  hardly  suppose  that  domestic 
rabbits  have  often  been  selected  for  tameness  alone ;  so  that  we  must 
attribute  at  least  the  greater  part  of  the  inherited  change  from 
extreme  wildness  to  extreme  tameness  to  habit  and  long-continued 
close  confinement."  J 

But  there  are  strong  and,  to  me,  irresistible  arguments  to  the  con- 
trary. I  think  that  the  following  considerations  will  show  that  the 
greater  part,  if  not  the  whole,  of  the  change  must  be  attributed  to 
selection  rather  than  to  the  direct  inheritance  of  acquired  habit. 

(1)  For  a  period  which  may  cover  thousands  of  generations,  there 
has  been  an  entire  cessation  of  the  natural  selection  which  maintains 
the  wildness  (or  excessive  fear,  caution,  activity,  etc.)  so  indispensably 
essential  for  preserving  defenceless  wild  rabbits  of  all  ages  from  the 
many  enemies  that  prey  upon  them. 

(2)  During  this  same  extensive  period  of  time  man  has  usually 
killed  off  the  wildest  and  bred  from  the  tamest  and  most  manageable. 
To  some  extent  he  has  done  this  consciously.     "  It  is  very  conducive 
to  successful  breeding  to  keep  only  such  as  are  quiet  and  tractable," 
says  an  authority  on  rabbits,*  and  he  enjoins  the  selection  of  the 
handsomest  and  best-tempered  "  does  "  to  serve  as  breeders.     To  a  still 
greater  extent  man  has  favored  tameness  unconsciously  and  indirectly. 
He  has  systematically  selected  the  largest  and  most  prolific  animals^ 
and  has  thus  doubled  the  size  and  the  fertility  of  the  domestic  rabbit. 
In  consciously  selecting  the  largest  and  most  flourishing  individuals, 
and  the  best  and  most  prolific  mothers,  he  must  have  unconsciously 
selected  those  rabbits  whose  relative  tameness  or  placidity  of  disposi- 
tion rendered  it  possible  for  them  to  flourish  and  to  produce  and  rear 
large  and  thriving  families,  instead  of  fretting  and  pining  as  the  wilder 
captives  would  do.     When  we  consider  how  exceedingly  delicate  and 
easily  disturbed,  yet  all-important,  a  function  is  that  of  maternity  in 
the  continually  breeding  rabbit,  we  see  that  the  tamest  and  the  least 
terrified  would  be  the  most  successful  mothers,  and  so  would  continu- 
ally be  selected,  although  man  cared   nothing  for  the  tameness  in 
itself.     The  tamest  mothers  would  also  be  less  liable  to  neglect  or 
devour  their  offspring,  as  rabbits  commonly  do  when  their  young  are 

1  "Origin  of  Species,"  p.  117. 

1  E.  S.  Delamer  on  "  Pigeons  and  Rabbits,"  pp.  132,  103.     For  other  points  !*• 

ferred  to,  see  pp.  133,  102,  100,  95,  131. 
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handled  too  soon,  or  even  when  merely  frightened  by  mice,  etc.,  or 

disturbed  by  changed  surroundings. 

(3)  We  must  remember  the  extraordinary  fecundity  of  the  rabbit 
and  the  excessive   amount   of  elimination   that   consequently  takes 
place  either  naturally  or  artificially.     Where  nature  preserved  only 
the  wildest,  man  has  preserved  the  tamest.     If  there  is  any  truth  in 
the  Darwinian  theory,  this  thorough  and  long-continued  reversal  of 
the  selective  process  must  have  had  a  powerful  effect.     Why  should  it 
not  be  amply  sufficient  to  account  for  the  lameness  and  mental  degen- 
eracy of  the  rabbit  without  the  aid  of  a  factor  which  can  readily  be 
shown  to  be  far  weaker  in  its  normal   action  than  either  natural  or 
artificial  selection  ?    Why  may  not   the    tameness  of  the  rabbit  be 
transferred  to  the  group  of  cases  in  which   Darwin  holds  that  "  habit 
has  done  nothing,"  and  selection  has  done  all  ? 

(4)  If  use-inheritance  has  tamed  the  rabbit,  why  are  the  bucks  still 
so  mischievous  and  unruly  ?    Why  is  the  Angora  breed  the  only  one 
in  which  the  males  show  no  desire  to  destroy  the  young  ?     Why,  too, 
should  use-inheritance  be  so  much  more  powerful  in  the  rabbit  than 
with  other  animals  which  are  far  more  easily  tamed  in   the  first  in- 
stance ?     Wild  young  rabbits  when  domesticated  "  remain  unconquer- 
ably wild,"  and,  although  they  may  be  kept  alive,  they  pine  and 
"rarely  come  to  any  good."     Yet  the   animal   which  acquires  least 
tameness — or  apparently,  indeed,  none  at  all — inherits  most !     It  ap- 
pears, in  fact,  to  inherit  that  which  it  cannot  acquire — a  circumstance 
which  indicates  the  selection  of  spontaneous  variations  rather  than  the 
inheritance  of  changed  habits.     Such  variations  occasionally  occur  in 
animals  in  a  marked  degree.     Of  a  litter  of  wolf-cubs,  all  brought  up 
in  the  same  way,  "  one  became  tame  and  gentle  like  a  dog,  while  the 
others  preserved  their  natural  savagery."     Is  it  not  probable  that  per- 
manent domestication  was  rendered   possible  by  the  inevitable  selec- 
tion of  spontaneous  variations  in  this  direction  ?     The  excessive  tame- 
ness,  too,  of  the  young  rabbit,  while  easily  explicable  as  a  result  of 
unconscious  selection,  is  not  easily  explained  as  a  result  of  acquired 
habit.     No  particular  care  is  taken  to  tame  or  teach  or  domesticate 
rabbits.      They  are  bred  for  food,  or  for  profit  or  appearance,  and 
they  are  left  to  themselves  most  of  their   time.     As  Sir  J.  Sebright 
notices  with  some  surprise,  the  domestic  rabbit  "  is  not  often  visited, 
and  seldom  handled,  and  yet  it  is  always  tame." 

MODIFICATIONS    OBVIOUSLY    ATTRIBUTABLE    TO    SELECTION. 

Innumerable  modifications  in  accordance  with  altered  use  or  disuse, 
such  as  the  enlarged  udders  of  cows  and  goats,  and  the  diminished 
lungs  and  livers  in  highly  bred  animals  that  take  little  exercise,  can 
be  readily  and  fully  explained  as  depending  on  selection.  As  the 
fittest  for  the  natural  or  artificial  requirements  will  be  favored,  natural 
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or  artificial  selection  may  easily  enlarge  organs  that  are  increasingly 
used,  and  economize  in  those  that  are  less  needed.  I  therefore  see  no 
necessity  whatever  for  calling  in  the  aid  of  use-inheritance,  as  Darwin 
does,  to  account  for  enlarged  udders,  or  diminished  lungs,  or  the  thick 
arms  and  thin  legs  of  canoe  Indians,  or  the  enlarged  chests  of  moun- 
taineers, or  the  diminished  eyes  of  moles,  or  the  lost  feet  of  certain 
beetles,  or  the  reduced  wings  of  logger-headed  ducks,  or  the  prehen- 
sile tails  of  monkeys,  or  the  displaced  eyes  of  soles,  or  the  altered 
number  of  teeth  in  plaice,  or  the  increased  fertility  of  domesticated 
animals,  or  the  shortened  legs  and  snouts  of  pigs,  or  the  shortened 
intestines  of  tame  rabbits,  or  the  lengthened  intestines  of  domestic 
cats,  etc.1  Changed  habits  and  the  requisite  change  of  structure  will 
usually  be  favored  by  natural  selection  ;  for  habit,  as  Darwin  says, 
"almost  implies  that  some  benefit,  great  or  small,  is  thus  derived." 

SIMILAR   EFFECTS   OF    NATURAL    SELECTION    AND    USE-INHERITANCE. 

Here  we  perceive  a  difficulty  which  will  equally  trouble  those  who 
affirm  use-inheritance  and  those  who  deny.  Broadly  speaking,  the 
adaptive  effects  ascribed  to  use-inheritance  coincide  with  the  effects 
of  natural  selection.  The  individual  adaptability  (as  shown  in  the 
thickening  of  skin,  fur,  muscle,  etc.,  under  the  stimulus  of  friction, 
cold,  use,  etc.)  is  identical  in  kind  and  direction  with  the  racial  adapt- 
ability under  natural  selection.  Consequently  the  alleged  inheritance 
of  the  advantageous  effects  of  use  and  disuse  cannot  readily  be  dis- 
tinguished from  the  similarly  beneficial  effects  of  natural  selection. 
The  indisputable  fact  that  natural  selection  imitates  or  simulates  the 
beneficial  effects  ascribed  to  use-inheritance  may  be  the  chief  source 
and  explanation  of  a  belief  which  may  prove  to  be  thoroughly  falla- 
cious. A  similar  simulation  of  course  occurs  under  domestication, 
where  natural  selection  is  partly  replaced  by  artificial  selection  of  the 
best  adapted  and  therefore  most  flourishing  animals,  while  in  disused 
parts  panmixia  or  the  comparative  cessation  of  selection  will  aid  or 
replace  "  economy  of  growth  "  in  causing  diminution.* 

INFERIORITY    OF   SENSES   IN    EUROPEANS. 

"  The  inferiority  of  Europeans,  in  comparison  with  savages,  in  eye- 
sight and  in  the  other  senses,"  is  attributed  to  "  the  accumulated  and 

1  "Origin  of  Species,"  pp.  61,  105  ;    "Descent  of   Man,"  pp.  17-19;   "Varia- 
tion of  Animals  and  Plants  under  Domestication,"  ii.,  pp.  289.  293.   Use  or  disuse  dur- 
ing lifetime  of  course  co-operates,  and  in  some  cases,  as  in  that  of  the  canoe  Indians, 
may  be  the  principal  or  even  perhaps  the  sole  cause  of  the  change. 

2  For  the  importance  of  panmixia  as  invalidating  Darwin's  strongest  evidence  for 
use-inheritance — namely,  that  drawn  from  the  effects  of  disuse  in  highly-fed  domestic 
animals  where  there  is  supposed  to  be  no  economy  of  growth — see  Professor  Romanes 

on  Panmixia.  Nature,  April  3,  1800. 
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transmitted  effect  of  lessened  use  during  many  generations."  1  But 
why  may  we  not  attribute  it  to  the  slackened  and  diverted  action  of 
the  natural  selection  which  keeps  the  senses  so  keen  in  some  savage 
races  ? 


SHORT-SIGHT    IN   WATCHMAKERS   AND  ENGRAVERS. 

Darwin  notices  that  watchmakers  and  engravers  are  liable  to  be 
short-sighted,  and  that  short-sight  and  long-sight  certainly  tend  to  be 
inherited.2  But  we  must  be  careful  not  to  beg  the  question  at  issue 
by  assuming  that  the  frequent  heredity  of  short-sight  necessarily 
covers  the  heredity  of  artificially-produced  short-sight.  Elsewhere, 
however,  Darwin  states  more  decisively  that  "  there  is  ground  for 
believing  that  it  may  often  originate  in  causes  acting  on  the  indi- 
vidual affected,  and  may  thenceforth  become  transmissible."  s  This 
impression  may  arise  (i)  from  the  facts  of  ordinary  heredity  —  the 
ancestral  liability  being  excited  in  father  and  son  by  simliar  artificial 
habits,  such  as  reading,  and  viewing  objects  closely,  as  among 
watchmakers  and  engravers  —  or  by  constitutional  deterioration, 
from  indoor  life,  etc.,  acting  upon  a  constitutioanl  liability  of  the  eye 
to  the  "  something  like  inflammation  of  the  coats,  under  which  they 
yield,"  and  so  cause  shortness  of  sight  by  altering  the  spherical  shape 
of  the  eye-ball.  (2)  Panmixia,  or  the  suspension  of  natural  selection, 
together  with  altered  habits,  will  account  for  an  increase  of  short- 
sight  among  the  population  generally.  (3)  Long-sighted  people 
could  not  work  at  watchmaking  and  engraving  so  comfortably  and 
advantageously  as  at  other  occupations,  and  hence  would  be  less 
likely  to  taka-  to  such  callings. 


LARGER  HANDS  OF  LABORERS'  INFANTS.4 

These  are  best  explained  as  the  result  of  natural  selection  and  of 
the  diminution  of  the  hand  by  sexual  selection  in  the  gentry.  If 
the  larger  hands  of  laborers'  infants  are  really  due  to  the  inherited 
effects  of  ancestral  use,  why  does  the  development  occur  so  early  in 
life,  instead  of  only  at  a  corresponding  period,  as  is  the  rule  ?  Dur- 
ing the  first  few  years  of  its  life,  at  least,  the  laborers'  infant  does  no 
more  work  than  the  gentleman's  child.  Why  are  not  the  effects  of 
this  disuse  inherited  by  the  laborers'  infant  ?  If  the  enlargement  of 
the  infant's  hand  illustrates  the  transference  of  a  character  gained 
later  in  life,  it  is  evident  that  the  transference  must  take  plaee  in 
spite  of  the  inherited  effects  of  disuse. 

^'Descent  of  Man,"  p.  18. 
9  Ibid.  p.  18. 

"  Variation  of  Animals  and  Plants  Under  Domestication,"  i.,  p.  453. 
4 "Descent  of  Man,"  p.  18. 
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THICKENED   SOLE   IN   INFANTS. 

Darwin  also  attributes  the  thickened  sole  in  infants,  "  long  before 
birth "  to  "  the  inherited  effects  of  pressure  during  a  long  series  of 
generations."  *  But  disuse  should  make  the  infant's  sole  thin,  and  it  is 
this  thinness  that  should  be  inherited.  If  we  suppose  the  inheritance 
of  the  thickened  soles  of  later  life  to  be  transferred  to  an  earlier 
period,  we  have  the  anomaly  of  the  inherited  effects  of  disuse  at  that 
earlier  period  being  overpowered  by  the  untimely  inheritance  of  the 
effects  of  use  at  another.  On  the  other  hand,  it  is  clear  that  natural 
selection  would  favor  thickened  soles  for  walking  on,  and  might  also 
promote  an  early  development  which  would  insure  their  being  ready 
in  good  time  for  actual  use  ;  for  variations  in  the  direction  of  delay 
would  be  cut  off,  while  variations  in  the  other  direction  would  be 
preserved.  Anyhow,  the  mere  transference  of  a  character  to  an  ear- 
lier period  is  no  proof  of  use-inheritance.  The  real  question  is  whe- 
ther the  thickened  sole  was  gained  by  natural  selection  or  by  the 
inherited  effects  of  pressure,  and  the  mere  transference  or  hastened 
appearance  of  the  thickening  does  not  in  any  degree  solve  this  ques- 
tion. It  merely  excludes  the  effect  of  disuse  during  lifetime,  and 
thus  presents  a  fallacious  appearance  of  being  decisive.  The  thick- 
ened sole  of  the  unborn  infant,  however,  like  the  lanugo  or  hairy  cov- 
ering, is  probably  a  result  of  the  direct  inheritance  of  ancestral 
stages  of  evolution,  of  which  the  embryo  presents  a  condensed 
epitome.  While  the  relative  thinness  of  the  infant's  sole  might  be 
pointed  to  as  the  effect  of  disuse  during  a  long  series  of  generations, 
its  thickness  is  rather  an  illustration  of  atavism  still  resisting  the 
effects  of  long-continued  disuse.  There  is  nothing  to  show  that  the 
inheritable  portion  of  the  full  original  thickness  was  not  gained  by 
natural  selection  rather  than  by  the  directly  inherited  effect  of  use  ; 
and  the  latter,  being  cumulative  and  indiscriminative  in  its  action, 
would  apparently  have  made  the  sole  very  much  thicker  and  harder 
than  it  is.  If  natural  selection  were  not  supreme  in  such  cases,  how 
could  we  account  for  the  effects  of  pressure  resulting  in  hard  hoofs  in 
some  cases  and  only  soft  pads  in  others  ? 

A   SOURCE    OF    MENTAL    CONFUSION. 

Of  course  in  a  certain  sense  this  thickening  of  the  sole  has  resulted 
from  use.  In  one  sense  or  other,  most — or  perhaps  all — of  the  results 
of  natural  selection  are  inherited  effects  of  use  or  disuse.  Natural  se- 
lection preserves  that  which  is  of  use  and  which  is  used,  while  it  elimi- 
nates that  which  is  useless  and  is  not  used.  The  most  confident  asser- 
tions of  the  effects  of  use  and  disuse  in  modifying  the  heritable  type, 
appear  to  rest  on  this  indefeasible  basis.  Darwin's  statements  con- 
cerning: *fc*  effects  of  use  and  disuse  in  evolution  can  frequently  be 
1  "Descent of  Man,'  p.  18. 
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read  in  two  senses.  They  often  command  assent  as  undeniable  truisms 
as  they  stand,  but  are  of  course  written  in  another  and  more  debatable 
sense.  Thus,  in  the  case  of  the  shortened  wings  and  thickened  legs  of 
the  domestic  duck,  I  believe  equally  with  Darwin  and  Spencer  that 
"  no  one  will  dispute  that  they  have  resulted  from  the  lessened  use  of 
the  wings  and  the  increased  use  of  the  legs."  "  Use  "  is  at  bottom  the 
determining  circumstance  in  evolution  generally.  The  trunk  of  the 
elephant,  the  fin  of  the  fish,  the  wing  of  the  bird,  the  cunning  hand  of 
man  and  his  complicated  brain — and,  in  short,  all  organs  and  faculties 
whatsoever — can  only  have  been  molded  and  developed  by  use — by 
usefulness  and  by  using — but  not  necessarily  by  use-inheritance,  not 
necessarily  by  directly  inherited  effects  of  use  or  disuse  of  parts  in  the 
individual.  So,  too,  reduced  or  rudimentary  organs  are  due  to  disuse, 
but  it  by  no  means  follows  that  the  diminution  is  caused  by  any  direct 
tendency  to  the  inheritance  of  the  effects  of  disuse  in  the  individual. 
The  effects  of  natural  selection  are  commonly  expressible  as  effects  of 
use  and  disuse,  just  as  adaptation  in  nature  is  expressible  in  the  lan- 
guage of  teleology.  But  use-inheritance  is  no  more  proven  by  one  of 
these  necessary  coincidences  than  special  design  is  by  the  other.  The 
inevitable  simulation  of  use-inheritance  may  be  entirely  deceptive. 

Darwin  thinks  that "  there  can  be  no  doubt  that  use  in  our  domestic 
animals  has  strengthened  and  enlarged  certain  parts,  and  disuse  di- 
minished them ;  and  that  such  modifications  are  inherited."  Un- 
doubtedly "  such  "  or  similar  modifications  have  often  been  inherited, 
but  how  can  Darwin  possibly  tell  that  they  are  not  due  to  the  simula- 
tion of  use-inheritance  by  natural  or  artificial  selection  acting  upon 
general  variability  ?  Of  the  inevitability  of  selection  and  of  its 
generally  adaptive  tendencies  "  there  can  be  no  doubt,"  and  panmixia 
would  tend  to  reduce  disused  parts ;  so  that  there  must  always  remain 
grave  doubts  of  the  alleged  inheritance  of  the  similar  effects  of  use 
and  disuse,  unless  we  can  accomplish  the  extremely  difficult  feat  of 
excluding  both  natural  and  artificial  selection  as  causes  of  enlarge- 
ment, and  panmixia  and  selection  as  causes  of  dwindling. 

WEAKNESS   OF    USE-INHERITANCE. 

Use-inheritance  is  normally  so  weak  that  it  appears  to  be  quite 
helpless  when  opposed  to  any  other  factor  of  evolution.  Natural  se- 
lection evolves  and  maintains  the  instincts  of  ants  and  termites  in 
spite  of  use-inheritance  to  a  more  wonderful  degree  than  it  evolves 
the  instincts  of  almost  any  other  animal  with  the  fullest  help  of  use- 
inheritance.  It  develops  seldom-used  horns  or  natural  armor  just  as 
readily  as  constantly-used  hoofs  or  teeth.  Sexual  selection  evolves 
elaborate  structures  like  the  peacock's  tail  in  spite  of  disuse  and  natu- 
ral selection  combined.  Artificial  selection  appears  to  enlarge  or  di- 
minish used  parts  or  disused  parts  with  equal  facility.  The  assistance 
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of  use-inheritance  seems  to  be  as  unnecessary  as  its  opposition  is 
ineffective. 

The  alleged  inheritance  of  the  effects  of  use  and  disuse  in  our  do- 
mestic animals  must  be  very  slow  and  slight.1  Darwin  tells  us  that 
"  there  is  no  good  evidence  that  this  ever  follows  in  the  course  of  a 
single  generation."  "  Several  generations  must  be  subjected  to 
changed  habits  for  any  appreciable  result."*  What  does  this  mean? 
One  of  two  things.  Either  the  tendency  is  very  weak,  or  it  is  non- 
existent. If  it  is  so  weak  that  we  cannot  detect  its  alleged  effects  till 
several  generations  have  elapsed,  during  which  time  the  more  powerful 
agency  of  selection  has  been  at  work,  how  are  we  to  distinguish  the  effects 
of  the  minor  factor  from  that  of  the  major  ?  Are  we  to  conclude  that 
use-inheritance  plus  selection  will  modify  races,  just  as  Voltaire  firmly 
held  that  incantations,  together  with  sufficient  arsenic,  would  destroy 
flocks  of  sheep  ?  Is  it  not  a  significant  fact  that  the  alleged  instances  of 
use-inheritance  so  often  prove  to  be  self-conflicting  in  their  details  ? 

For  satisfactory  proof  of  the  prevalence  of  a  law  of  use-inheritance 
we  require  normal  instances  where  selection  is  clearly  inadequate  to 
produce  the  change,  or  where  it  is  scarcely  allowed  time  or  opportun- 
ity to  act,  as  in  the  immediate  offspring  of  the  modified  individual. 
Of  the  first  kind  of  cases  there  seems  to  be  a  plentiful  lack.  Of  the 
latter  kind,  according  to  Darwin,  there  appears  to  be  none — a  circum- 
stance which  contrasts  strangely  and  suspiciously  with  the  many  de- 
cisive cases  in  which  variation  from  unknown  causes  has  been  inheri- 
ted most  strikingly  in  the  immediate  offspring.  It  must  be  expected, 
indeed,  that  among  these  innumerable  cases  some  will  accidentally 
mimic  the  alleged  effects  of  use-inheritance. 

1  Wallace  shows  that  the  changes  in  our  domestic  animals,  if  spread  over  the  thou- 
sands of  years  since  the  animals  were  first  tamed,  must  be  extremely  insignificant  in 
each  generation,  and  he  concludes  that  such  infinitesimal  effects  of  use  and  disuse 
would  be  swallowed  up  by  the  far  greater  effects  of  variation  and  selection  ("  Dar- 
winism," p.  436).  Professor  Romanes  has  replied  to  him  in  the  Contemporary  Review 
(August,  1889),  showing  that  this  is  no  disproof  of  the  existence  of  the  minor  factor, 
inasmuch  as  slight  changes  in  each  generation  need  not  necessarily  be  matters  of  life 
and  death  to  the  individual,  although  their  cumulative  development  by  use-inheritance 
might  eventually  become  of  much  service.  But  selection  would  favor  spontaneous 
variations  of  a  similarly  serviceable  character.  The  slightest  tendency  to  eliminate  the 
extreme  variations  in  either  direction  would  proportionally  modify  the  average  in  a 
breed.  Use-inheritance  appears  to  be  so  relatively  weak  a  factor  that  probably  neither 
proof  nor  disproof  of  its  existence  can  ever  be  given,  owing  to  the  practical  impossibil- 
ity of  disentangling  its  effects  (if  any)  from  the  effects  of  admittedly  far  more  powerful 
factors  which  often  act  in  unsuspected  ways.  Thus,  wild  ducklings,  which  can  easily 
be  reared  by  themselves,  invariably  "  die  off"  if  reared  with  tame  ones  ("  Variation," 
etc.,  i..  p.  292;  ii.,  p.  219).  They  cannot  get  their  fair  share  in  the  competition  for  food, 
and  are  completely  eliminated.  Professor  Romanes  fully  acknowledges  that  there  is 
the  "  gravest  possible  doubt  "  as  to  the  transmission  of  the  effects  of  disuse  (Letter 
on  Panmixia,  Nature,  March  13,  1890). 

*  "Variation  of  Animals  and  Plants  under  Domestication,"  ii.,  pp.  287-289. 
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If  Darwin  had  felt  certain  that  the  effects  of  habit  or  use  tended  in 
any  marked  degree  to  be  conveyed  directly  and  cumulatively  to  suc- 
ceeding generations,  he  could  hardly  have  given  us  such  cautious, 
half-hearted  encouragement  of  good  habits  as  the  following:  "  It  is 
not  improbable  that  after  long  practice  virtuous  tendencies  may  be 
inherited."  "  Habits,  moreover,  followed  during  many  generations 
probably  tend  to  be  inherited."1  This  is  probable,  independently  of 
use-inheritance.  The  "  many  generations  "  specified  or  implied,  will 
allow  time  for  the  play  of  selective  as  well  as  of  cumulatively-edu- 
cative influences.  There  must  apparently  be  a  constitutional  or  in- 
heritable predisposition  or  fitness  for  the  habits  spoken  of,  which 
otherwise  would  scarcely  be  continued  for  many  generations,  except 
by  the  favorably-varying  branches  of  a  family :  which  again  is  selec- 
tion rather  than  use-inheritance. 

Where  is  the  necessity  for  even  the  remains  of  the  Lamarckian  doc- 
trine of  inherited  habit  ?  Seeing  how  powerful  the  general  principle 
of  selection  has  shown  itself  in  cases  where  use-inheritance  could  have 
given  no  aid  or  must  even  have  offered  its  most  strenuous  opposition, 
why  should  it  not  equally  be  able  to  develop  used  organs  or  repress 
disused  organs  or  faculties  without  the  assistance  of  a  relatively  weak 
ally?  Selection  evolved  the  remarkable  protective  coverings  of  the 
armadillo,  turtle,  crocodile,  porcupine,  hedgehog,  etc.  ;  it  formed  alike 
the  rose  and  its  thorn,  the  nut  and  its  shell ;  it  developed  the  pea- 
cock's tail  and  the  deer's  antlers,  the  protective  mimicry  of  various 
insects  and  butterflies,  and  the  wonderful  instincts  of  the  white  ants ; 
it  gave  the  serpent  its  deadly  poison  and  the  violet  its  grateful  odor ; 
it  painted  the  gorgeous  plumage  of  the  Impeyan  pheasant  and  the 
beautiful  colors  and  decorations  of  countless  birds  and  insects  and 
flowers.  These,  and  a  thousand  other  achievements,  it  has  evidently 
accomplished  without  the  help  of  use-inheritance.  Why  should  it  be 
thought  incapable  of  reducing  a  pigeon's  wing  or  enlarging  a  duck's 
leg?  Why  should  it  be  credited  with  the  help  of  an  officious  ally  in 
effecting  comparatively  slight  changes,  when  great  and  striking  modi- 
fications are  effected  without  any  such  aid  ? 

1  "  Descent  of  Man,"  pp.  71,  yift. 
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INHERITED    MUTILATIONS. 

THE  almost  universal  non-inheritance  of  mutilations  seems  to  me 
a  far  more  valid  argument  against  a  general  law  of  modifica- 
tion-inheritance than  the  few  doubtful  or  abnormal  cases  of  such  in- 
heritance can  furnish  in  its  favor.  No  inherited  effect  has  been  pro- 
duced by  the  docking  of  horses'  tails  for  many  generations,  or  by  a 
well-known  mutilation  which  has  been  practiced  by  the  Hebrew  race 
from  time  immemorial.  As  lost  or  mutilated  parts  are  reproduced  in 
offspring  independently  of  the  existence  of  those  parts  in  the  parent, 
there  is  the  less  reason  to  suppose  that  the  particular  condition  of 
parental  parts  transmits  itself  or  tends  to  transmit  itself  to  the  off- 
spring. So  unsatisfactory  is  the  argument  derivable  from  inherited 
mutilations  that  Mr.  Spencer  does  not  mention  them  at  all,  and  Dar- 
win has  to  attribute  them  to  a  special  cause  which  is  independent  of 
any  general  theory  of  use-inheritance.1 

Darwin's  most  striking  case — and  to  my  mind  the  only  case  of  any 
importance — is  that  of  Brown-Sequard's  epileptic  guinea-pigs,  which  in- 
herited the  mutilated  condition  of  parents,  who  had  gnawed  off  their 
own  gangrenous  toes  when  anaesthetic  through  the  sciatic  nerve  hav- 
ing been  divided.*  Darwin  also  mentions  a  cow  that  lost  a  horn  by 
accident,  followed  by  suppuration,  and  subsequently  produced  three 
calves  which  had  on  the  same  side  of  the  head,  instead  of  a  horn,  a 
bony  lump  attached  merely  to  the  skin.  Such  cases  may  seem  to 
prove  that  mutilation  associated  with  morbid  action  is  occasionally  in- 
herited or  repeated  with  a  promptitude  and  thoroughness  that  con- 
trast most  strikingly  with  the  imperceptible  nature  of  the  immediate 
inheritance  of  the  effects  of  use  and  disuse  ;  but  they  by  no  means 

1 A  very  able  anatomist  of  my  acquaintance  denies  the  inheritance  of  mutilations 
and  injuries,  although  he  strongly  believes  in  the  inheritance  of  the  effects  of  use  and 
disuse. 

*  "  Variation  of  Animals  and  Plants  under  Domestication,"  i.,  pp.  467-469.  Lost 
toes  were  only  seen  by  Dr.  Dupuy  in  three  young  out  of  two  hundred.  Obersteiner  found 
that  most  of  the  offspring  of  his  epileptic  guinea-pigs  were  injuriously  affected,  being 
weakly,  small,  paralyzed  in  one  or  more  iimbs,  and  so  forth.  Only  two  were  epilep- 
tic, and  both  were  weakly,  and  died  early  (Weismann's  •'  Essays,"  p.  311).  A  mor- 
bid condition  of  the  spinal  cord  might  affect  the  hind  limbs  especially  (as  in  paraple- 
gia), and  might  occasionally  cause  loss  of  toes  in  the  embryo  by  preventing  develop- 
ment or  by  ulceration  Brown-Sequard  does  not  say  that  the  defective  feet  were  00 
the  same  side  as  in  the  parents  (Lancet,  pp.  7,  8,  January,  1875). 
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prove  that  mutilation  in  general  is  inheritable,  and  they  are  abso- 
lutely no  proof  whatever  of  a  normal  and  non-pathological  tendency 
to  the  inheritance  of  acquired  characters.  Those  who  accept  Dar- 
win's special  explanation  of  the  supposed  inheritance  of  mutilations, 
ought  to  notice  that  his  explanation  applies  equally  well  under  a  the- 
ory which  is  strongly  adverse  to  use-inheritance — namely,  Galton's  idea 
of  the  sterilization  and  complete  "  using-up  "  of  otherwise  reproductive 
matter  in  the  growth  and  maintenance  of  the  personal  structure. 

Darwin's  explanation  of  inherited  mutilations — which,  as  he  notes, 
occur  "  especially  or  perhaps  exclusively  "  when  the  injury  has  been 
followed  by  disease1 — is  that  all  the  representative  gemmules  which 
would  develop  or  repair  or  reproduce  the  injured  part  are  attracted  to 
the  diseased  surface  during  the  reparative  process,  and  are  there  de- 
stroyed by  the  morbid  action.*  Hence,  they  cannot  reproduce  the 
part  in  offspring.  This  explanation  by  no  means  implies  that  mutila- 
tion would  usually  affect  the  offspring.  On  the  contrary,  in  all  ordi- 
nary cases  of  mutilation,  the  purely  atavistic  elements  or  gemmules 
would  be  set  free  from  any  modifying  influence  of  the  non-existent  or 
mutilated  part.  The  gemmules,  as  in  Galton's  theory  of  heredity  and 
with  neuter  insects,  might  be  perfectly  independent  of  pangenesis  and 
the  normal  inheritance  of  acquired  characters.  Such  self-multiplying 
gemmules  without  pangenesis  would  enable  us  to  understand  both  the 
excessive  weakness  or  non-existence  of  normal  use-inheritance  and 
the  excessive  strength  and  abruptness  of  the  effect  of  their  partial  de- 
struction under  special  pathological  conditions. 

The  series  of  epileptic  phenomena  that  can  be  excited  by  tickling  a 
certain  part  of  the  cheek  and  neck  of  the  adult  guinea-pig  during  the 
growth  and  rejoining  of  the  ends  of  the  severed  nerve,  are  said  to  be 
repeated  with  striking  accuracy  of  detail  in  the  young  who  inherit 
mutilated  toes  ;  but  as  epilepsy  is  often  due  to  some  one  exciting  cause 
or  morbid  condition,  the  single  transmission  of  a  highly  morbid  con- 
dition of  the  system  might  easily  reproduce  the  whole  chain  of  con- 
sequences, and  might  also  have  caused  the  loss  of  toes. 

The  particulars  of  the  guinea-pig  cases  are  very  inadequately  re- 
corded,3 but  the  results  are  so  anomalous 4  that  Brown-S^quard's  own 

1  "  Variation  of  Animals  and  Plants  under  Domestication,"  ii.,  p.  57. 

2  Ibid,  ii.,  p.  392.   Perhaps  it  might  be  better  to  suppose  that  the  best  gemmules  were 
sacrificed  in  repairing  the  injured  nerve,  and  hence  only  inferior  substitutes  were  left 
to  take  their  place,  and  could  only  imperfectly  reproduce  the  injured  part  of  the  ner- 
vous system  in  offspring. 

8  Hence,  perhaps,  Mr.  Spencer's  error  in  representing  the  epileptic  liability  as  per- 
manent, and  as  coming  on  after  healing.  ("  Factors  of  Organic  Evolution,"  p.  27). 

*  It  is  not  claimed  that  the  imperfect  foot  was  on  the  same  side  of  the  body  as  in 
the  parent,  and  where  parents  had  lost  all  the  toes  of  a  foot,  or  the  whole  foot,  the 
few  offspring  affected  usually  had  lost  only  two  toes  out  of  the  three,  or  only  a  part  of 
one  or  two  or  three  toes.  Sometimes  the  offspring  had  toes  missing  on  both  hind  feet, 
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conclusion  is,  that  the  epilepsy  and  inherited  injuries  are  not  directly 
transmitted,  but  that  "  what  is  transmitted  is  the  morbid  state  of  the 
nervous  system."  He  thinks  that  the  missing  toes  may,  "  possibly," 
be  exceptions  to  this  conclusion,  "  but  the  other  facts  only  imply  the 
transmission  of  a  morbid  state  of  the  sympathetic  or  sciatic  nerve,  or 
of  a  part  of  the  medulla  oblongata."  Until  we  can  tell  what  is  trans- 
mitted, we  are  not  in  a  position  to  determine  whether  there  is  any  true 
inheritance,  or  only  an  exaggerated  simulation  of  it  under  peculiar 
circumstances.  When  the  actual  observers  believe  that  the  mutilations 
and  epilepsy  are  not  the  cause  of  their  own  repetition,  and  when  these 
observers  guard  themselves  by  such  phrases  as,  "  if  any  conclusion  can 
at  present  be  drawn  from  those  facts,"  we,  who  have  only  incomplete 
reports  to  guide  us,  may  well  be  excused  if  we  preserve  an  even  more 
pronounced  attitude  of  caution  and  reserve.1  The  morbid  state  of  the 
system  may  be  wholly  due  to  general  injury  of  the  germs  rather  than 
to  specific  inheritance. 

Weismann  suggests  that  the  morbid  condition  of  the  nervous 
system  may  be  due  to  some  infection,  such  as  might  arise  from  micro- 
bes, which  find  a  home  in  the  mutilated  and  disordered  nervous 
system  in  the  parent,  and  subsequently  transmit  themselves  to  the  off- 
spring through  the  reproductive  elements,  as  the  infections  of  various 
diseases  appear  to  do — the  muscardine  silkworm  disease  in  particular 
being  known  to  be  conveyed  to  offspring  in  this  manner. 

But  whether  we  can  discover  the  true  explanation  or  not,  inherited 
mutilations  can  hardly  be  accounted  for  as  the  result  of  a  general  ten- 
dency to  inherit  acquired  modifications.  How  could  a  factor  which 
seems  to  be  totally  inoperative  in  cases  of  ordinary  mutilation,  and 
only  infinitesimally  operative  in  transmitting  the  normal  effects  of  use 
and  disuse,  suddenly  become  so  powerful  as  to  completely  overthrow 
atavism  and  its  own  tendency  to  transmit  the  non-mutilated  type  of 

although  the  parent  was  only  affected  in  one.  One  diseased  ear  and  eye  in  the  parent 
was  "  generally  "  or  "  always"  succeeded  by  two  equally  affected  ears  and  eyes  in  the 
offspring  (cf.  Popular  Sc^^nce  Monthly,  xi.,  p.  334,  New  York).  The  important  law  of 
inheritance  at  corresponding  periods  was  also  set  aside.  Gangrene,  or  inflammation, 
commenced  in  both  ears  and  both  eyes  soon  after  birth  (pointing  possibly  to  infection 
of  some  kind)  ;  the  epileptic  period  commenced,  "  perhaps,  two  months  or  more 
after  birth,"  while  the  loss  of  toes  had  occurred  before  birth.  In  no  case,  as  Weis- 
mann points  out,  is  the  original  mutilation  of  the  nervous  system  ever  transmitted. 
Even  where  an  extirpated  ganglion  was  never  regenerated  in  the  parent,  the  offspring 
always  regained  the  part  in  an  apparently  perfect  condition.  On  the  whole,  the  con- 
flicting results  ought  to  be  as  puzzling  to  those  who  may  attribute  them  to  a  universal 
tendency  to  inherit  the  exact  condition  of  parents,  as  they  are  to  those  who,  like  my- 
self, are  sceptical  as  to  the  existence  of  such  a  law  or  tendency. 

1  The  various  results  need  to  be  fully  and  impartially  recorded,  and  they  should  also 
be  well  tested  and  confirmed  in  proportion  as  they  appear  improbable  and  contrary  to 
general  experience.  Professor  Romanes  has  been  carrying  out  the  necessary  experi- 
ments for  some  time  past. 
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one  of  the  parents  and  of  the  non-mutilated  type  presented  by  the 
injured  parent  in  earlier  life?  Does  not  so  striking  and  abrupt  an  in- 
tensification of  its  usually  insignificant  power  demand  an  explanation 
widely  different  from  that  which  might  account  for  the  extremely  slow 
and  slight  inheritance  of  the  normal  effects  of  use  and  disuse  ?  Surely 
it  would  be  better  to  suspend  one's  judgment  as  to  the  true  explana- 
tion of  highly  exceptional  and  purely  pathological  cases,  rather  than 
resort  to  an  hypothesis  that  creates  more  difficulties  than  it  solves. 

THE  MOTMOT'S  TAIL. 

The  narrowing  of  the  long  central  tail  feathers  of  the  motmot  is 
attributed  to  the  inherited  effects  of  habitual  mutilation  ("  Descent 
of  Man,"  pp.  200,  311).  But  in  the  specimens  at  South  Kensington1 
the  narrowness  extends  upwards  much  beyond  the  habitually  denuded 
part,  and  the  broadened  end  is  the  broadest  part  of  the  whole  feather. 
If  the  inherited  effect  of  an  inch  or  two  of  denudation  extends  from 
three  to  six  inches  upwards,  why  has  it  not  also  extended  two  inches 
downwards,  so  as  to  narrow  the  broadened  end  ?  The  narrowness 
seems  to  be  a  mainly  relative  or  negative  effect  produced  by  the 
broadening  out  of  a  long,  tapering  feather  at  its  end  under  the  influ- 
ence of  sexual  selection.  Several  other  birds  have  similarly  narrowed 
or  spoon-shaped  feathers,  and  do  not  bite  them.  Is  it  not  more  feasi- 
ble to  suppose  that  this  attractive  peculiarity  first  suggested  its  artifi- 
cial intensification  than  to  suppose  that  the  bird  began  nibbling  with- 
out any  definite  cause  ?  Sexual  selection  would  then  encourage  the 
habit.  Anyhow,  it  is  as  impossible  to  show  that  the  mutilation  pre- 
ceded the  narrowing  as  it  is  to  show  that  tonsure  preceded  baldness. 

OTHER    INHERITED    INJURIES   MENTIONED    BY    DARWIN. 

Darwin  quotes  some  cases  from  Dr.  Prosper  Lucas's  u  long  "  (but 
weak  and  unsatisfactory)  "list  of  inherited  injuries."*  But  Lucas 
was  somewhat  credulous.  One  of  his  cases  is  that  many  girls  were 
born  in  London  without  mammae  through  the  injurious  effect  of  cer- 
tain corsets  on  the  mothers.  He  also  gives  a  long  account  of  a  Jew 
who  could  read  through  the  thick  covers  of  a  book,  and  whose  son 
inherited  this  "  hyperaesthesia  "  of  the  sense  of  sight  in  a  still  more 
remarkable  degree  (i.,  pp.  113-119).  Evidently  Lucas's  cases  cannot 
be  accepted  without  some  amount  of  reserve. 

The  cases  of  the  three  calves  which  inherited  the  one-horned  con- 
dition of  the  cow,  the  two  sons  who  inherited  a  father's  crooked  finger, 
and  the  two  sons  who  were  microphthalmic  on  the  same  side  as  their 

1  Natural  History  Museum,  central  hall,  third  recess  on  the  left. 

*  "  Traite  de  1'Here'dite,"  ii.,  p  489;  "Variation  of  Animals  and  Plants  under 
Domestication,"  i.,  p.  469.  If  injuries  are  inherited,  why  has  the  repeated  rupture  of 
the  hymen  produced  no  inherited  effect  ? 
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father  had  lost  an  eye,  may  be  due  to  mere  coincidence ;  or  an  inher- 
ited constitutional  tendency  or  liability  might  lead  to  somewhat 
similar  results  in  parent  and  offspring,1  just  as  the  tendency  to  certain 
fatal  diseases  or  to  suicide  may  produce  similar  results  in  father  and 
son,  although  the  artificially-produced  hanging  or  apoplexy  obviously 
cannot  be  directly  transmitted.  That  more  than  one  of  the  offspring 
were  affected  does  not  render  the  chances  against  coincidence  "  almost 
infinitely  great,"  as  Darwin  mistakenly  supposes.  It  "  frequently 
occurs  "  that  a  man's  sons  or  daughters  may  all  exhibit  either  a  latent 
or  a  newly-developed  congenital  peculiarity  previously  unknown  ; "  and 
the  coincidence  may  merely  be  that  one  of  the  parents  accidentally 
suffered  a  similar  kind  of  injury — a  kind  of  coincidence  which  must 
of  course  occasionally  occur,  and  which  may  have  been  partly  caused 
by  a  latent  tendency.  The  chances  against  coincidence  are  indeed 
great,  but  the  cases  appear  to  be  correspondingly  rare. 

Darwin  acknowledges  that  many  supposed  instances  of  inherited 
mutilation  may  be  due  to  coincidence  ;  and  there  is  apparently  no 
more  reason  for  attributing  inherited  scars,  etc.,  to  any  special  form 
of  heredity  than  to  the  effect  of  the  mother's  imagination  on  the  un- 
born babe — a  popular  but  fallacious  belief  in  corroboration  of  which 
far  more  alleged  instances  could  be  collected  than  of  the  inheritance 
of  injuries. 

As  an  instance  of  the  coincidences  that  occur,  I  may  mention  that  a 
friend  of  mine  has  a  daughter  who  was  born  with  a  small  hole  in  one 
ear,  just  as  if  it  were  already  pierced  for  the  ear-ring  which  she  has 
since  worn  in  it.  I  suppose,  however,  that  no  one  will  venture  to 
claim  this  as  an  instance  of  the  inheritance  of  a  mutilation  practiced 
by  female  ancestors,  especially  as  such  holes  are  not  altogether  un- 
known or  inexplicable,  though  very  rarely  occurring  low  down  in  the 
lobe  of  the  ear.3 

Many  cases  are  known  of  the  inheritance  of  mutilations  or  malfor- 
mations arising  congenitally  from  some  abrupt  variation  in  the  repro- 
ductive elements.  In  such  cases  as  the  one-eared  rabbits,  the  two- 
legged  pigs,  the  three-legged  dogs,  the  one-horned  stags,  hornless 
bulls,  earless  rabbits,  lop-eared  rabbits,  tailless  dogs,  etc.,  if  the  father 
or  the  mother  or  the  embryo  had  suffered  from  some  accident  or  dis- 
ease which  might  plausibly  have  been  assigned  as  the  cause  of  the 
original  malformation,  these  transmitted  defects  would  readily  be 

1  Compare  the  three  cases  of  crooked  fingers  given  in  "  Variation  of  Animals  and 
Plants  under  Domestication,"  ii.,  pp.  55,  240. 

*  Ibid,  i.,  p.  460.  Thus,  where  two  brothers  married  two  sisters  all  the  seven  children 
were  perfect  albinoes,  although  none  of  the  parents  or  the  relatives  were  albinoes.  In 
another  case  the  nine  children  of  two  sound  parents  were  all  born  blind  (ii.,  p.  322). 

8  See  "Evolution  and  Disease,"  pp.  179-182,  by  J.  Bland  Sutton,  to  whom  and 
to  our  mutual  friend.  Dr.  D.  Thurston,  I  am  indebted  for  information  on  various 
points. 
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cited  as  instances  of  the  inheritance  of  an   accidentally-produced 
modification. 

The  inheritance  of  exostoses  on  horses'  legs  may  be  the  inheritance 
of  a  constitutional  tendency  rather  than  of  the  effect  of  the  parents' 
hard  traveling.  Horses  congenitally  liable  to  such  formations  would 
transmit  the  liability,1  and  this  might  readily  be  mistaken  for  inherit- 
ance of  the  results  of  the  liability.  An  apparent  increase  in  this  lia- 
bility might  arise  from  greater  attention  being  now  paid  to  it,  or  from 
increased  use  of  harder  roads ;  or  a  real  increase  might  be  due  to 
panmixia  and  some  obscure  forms  of  correlation. 

QUASI-INHERITANCE. 

Of  course  artificially-caused  ill-health  or  weakness  in  parents  will 
tend  in  a  general  way  to  injure  the  offspring.  But  deterioration  thus 
caused  is  only  a  form  of  quasi-inheritance,  as  I  should  prefer  to  call 
it.  Semi-starvation  in  a  new-born  babe  is  not  truly  inherited  from  its 
half-starved  mother,  but  is  the  direct  result  of  insufficient  nourish- 
ment. The  general  welfare  of  germs — as  of  parasites — is  necessarily 
bound  up  with  that  of  the  organism  which  feeds  and  shelters  them, 
but  this  is  not  heredity,  and  is  quite  irrelevant  to  the  question 
whether  particular  modifications  are  transmitted  or  not. 

Another  form  of  quasi-inheritance  is  seen  in  the  communication  of  cer- 
tain infections  to  offspring.  Not  being  transmitted  by  the  action  of  the 
organism  so  much  as  in  defiance  of  it,  such  diseases  are  not  truly  heredit- 
ary, though  for  convenience*  sake  they  are  usually  so  described. 

A  perversion  or  prevention  of  true  inheritance  is  also  seen  in  the 
action  of  alcohol,  or  excessive  overwork,  or  any  other  cause  which, 
by  originating  morbid  conditions  in  individuals,  may  also  injure  the 
reproductive  elements. 

These  forms  of  quasi-inheritance  are,  of  course,  highly  important 
so  far  as  the  improvement  of  the  race  is  concerned.  So,  too,  is  the 
fact  that  improved  or  deteriorated  habits  and  thoughts  are  trans- 
mitted by  personal  teaching  and  influence  and  are  cumulative  in  their 
effect.  But  all  this  must  not  be  confounded  with  the  inheritance  of 
acquired  characters.  Cases  of  quasi-inheritance  may,  perhaps,  be 
most  readily  distinguished  from  cases  of  true  inheritance  by  the  time 
test.  When  a  modification  acquired  in  adult  life  is  promptly  commu- 
nicated to  the  child  in  early  life  or  from  birth,  it  may  rightly  be  sus- 
pected that  the  inheritance,  like  that  of  money  or  title,  is  not  truly 
congenital,  but  is  extraneous  or  even  anti-congenital  in  its  nature. 
Judged  by  such  a  standard,  the  inherited  injuries  in  Brown-Se*quard's 
guinea-pigs  are  only  exceptional  cases  of  quasi-inheritance,  and  are 
not  necessarily  indicative  of  any  general  rule  affecting  true  inherit- 
ance. 

'  "  Variation  of  Animals  and  Plants  under  Domestication,"  ii.,  p.  290 ;  i.,  p.  454. 
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MISCELLANEOUS  CONSIDERATIONS. 


TRUE   RELATION   OF   PARENTS   AND   OFFSPRING. 

IT  is  difficult  to  entirely  free  ourselves  from  the  flattering  and  almost 
universal  idea  that  parents  are  true  originators  or  creators  of 
copies  of  themselves.  But  the  main  truth,  if  not  the  whole  truth,  is 
that  they  are  merely  the  transmitters  of  types  of  which  they  and  their 
offspring  are  alike  more  or  less  similarly  molded  resultants.  A  parent 
is  a  trustee.  He  transmits,  not  himself  and  his  own  modifications, 
but  the  stock,  the  type,  the  representative  elements,  of  which  he  is  a 
product  arid  a  custodian  in  one.  It  seems  probable  that  he  has  no 
more  definite  or  "  particulate  "  influence  over  the  reproductive  ele- 
ments within  him  than  a  mother  over  the  embryo  or  a  vessel  over  its 
cargo.  Parent  and  offspring  are  alike  successive  copies  of  books 
printed  from  the  same  "  type."  A  battered  letter  in  the  "  type  "  will 
display  its  effects  in  both  earlier  and  later  copies  alike,  but  a  purely 
extraneous  or  acquired  flaw  in  the  first  copy  is  not  necessarily  re- 
peated in  subsequent  copies.  Unlike  printer's  type,  however,  the 
material  source  of  heredity  is  of  a  fluctuating  nature,  consisting  of 
competing  elements  derived  from  two  parents  and  from  innumerable 
ancestors. 

Gallon  compares  parent  and  child  to  successive  pendants  on  the 
same  chain.  Weismann  likens  them  to  successive  offshoots  thrown 
up  by  a  long  underground  root  or  sucker.  Such  comparisons  indicate 
the  improbability  of  acquired  modifications  being  transmitted  to  off- 
spring. 

That  parts  are  developed  in  offspring  independently  of  those  parts 
in  parents,  is  clear.  Mutilated  parents  transmit  parts  which  they  do 
not  possess.  The  offspring  of  young  parents  cannot  inherit  the  later 
stages  of  life  from  parents  who  have  not  passed  through  them.  Cases 
of  remote  reversion  or  atavism  show  that  ancestral  peculiarities  can 
transmit  themselves  in  a  latent  or  undeveloped  condition  for  hundreds 
or  thousands  of  generations.  Many  obvious  facts  compel  Darwin  to 
suppose  that  vast  numbers  of  the  reproductive  gemmules  in  an  indi- 
vidual are  not  thrown  off  by  his  own  cells,  but  are  the  self-multiply- 
ing progeny  of  ancestral  gemmules.  Galton  restricts  the  production 
of  gemmules  by  the  personal  structure  to  a  few  exceptional  cases,  and 
would  evidently  like  to  dispense  with  pangenesis  altogether  if  he 
could  only  be  sure  that  acquired  characters  are  never  inherited. 
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Weismann  entirely  rejects  pangenesis  and  the  inheritance  of  acquired 
characters.  This  enables  him  to  explain  heredity  by  his  theory  of 
the  "  Continuity  of  the  Germ-plasm." '  Parent  and  offspring  are  alike 
successive  products  or  offshoots  of  this  persistent  germ-substance, 
which  obviously  would  not  be  correspondingly  affected  by  modifica- 
tions of  parts  in  parents,  and  so  would  render  the  transmission  of 
acquired  characters  impossible. 

INVERSE    INHERITANCE. 

Mr.  Galton  contends  that  the  reproductive  elements  become  sterile 
when  used  in  forming  and  maintaining  the  individual,  and  that  only  a 
small  portion  of  them  are  so  used.*  He  holds  that  the  next  genera- 
tion will  be  formed  entirely,  or  almost  entirely,  from  the  residue  of 
undeveloped  germs  which,  not  having  been  employed  in  the  structure 
and  work  of  the  individual,  have  been  free  to  multiply  and  form  the 
reproductive  elements  whence  future  individuals  are  derived.  Hence 
the  singular  inferiority  not  infrequently  displayed  by  the  children  of 
men  of  extraordinary  genius,  especially  where  the  ancestry  has  been 
only  of  a  mediocre  ability.  The  valuable  germs  have  been  used  up 
in  the  individual  and  rendered  sterile  in  the  structure  of  his  person. 
Hence,  too,  the  "  strong  tendency  to  deterioration  in  the  transmission 
of  every  exceptionally  gifted  race."  Mr.  Gallon's  hypothesis  "  ex- 
plains the  fact  of  certain  diseases  skipping  one  or  more  generations," 
and  it  "  agrees  singularly  well  with  many  classes  of  fact,"  and  it  is 
strongly  opposed  to  the  theory  of  use-inheritance.  The  elements 
which  are  used  die  almost  universally  without  germ  progeny;  the 
germs  which  are  not  used  are  the  great  source  of  posterity.  Hence, 
when  the  germs  or  gemmules  which  achieve  development  are  either 
better  or  worse  than  the  residue,  the  qualities  transmitted  to  offspring 
will  be  of  an  inverse  character.  If  brainwork  attracts,  develops,  and 
sterilizes  the  best  gemmules,  the  ultimate  effect  of  education  on  the 
intellect  of  posterity  may  differ  from  its  immediate  effect. 

EARLY    ORIGIN    OF    THE    OVA. 

As  the  ova  are  formed  at  as  early  a  period  as  the  rest  of  the  ma- 
ternal structure,  Galton  notices  that  it  seems  improbable  that  they 

1  "  Essays  on  Heredity,"  p.  104.  Weismann's  theory  is  clear,  simple,  and  conven- 
ient, but  incomplete ;  for,  unlike  Darwin's  theory  of  pangenesis,  it  scarcely  attempts 
any  real  explanation  of  the  extremely  complex  potentialities  possessed  by  the  reproduc- 
tive elements.  Perhaps  we  might  retain  Darwin's  self-multiplying  gemmules  without 
supposing  them  to  be  thrown  off  by  the  cells,  which  will  no  longer  be  credited  with 
two  modes  of  multiplication.  These  minute  germs  or  gemmules  may  have  been 
evolved  by  natural  selection  playing  upon  the  sample  germs  that  achieve  development ; 
and  they  may  exist  either  separately  or  (preferably,  but  perhaps  not  invariably)  in  ag- 
gregates to  form  Weismann's  germ-plasm. 

9  Contemporary  Review,  p.  88,  December,  1875. 
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would  be  correspondingly  affected  by  subsequent  modifications  of 
parental  structure.  Of  course  it  is  not  certain  that  this  is  a  valid  ar- 
gument. We  know  that  the  paternal  half  of  the  reproductive  ele- 
ments does  not  enter  the  ovum  till  a  comparatively  late  stage  in  its 
history,  and  it  is  quite  possible  that  maternal  elements  or  gemmules 
may  also  enter  the  ovum  from  without.  If  reproductive  elements 
were  confined  to  one  special  part  or  organ,  we  should  be  unable  to 
explain  the  reproduction  of  lost  limbs  in  salamanders,  and  the  per- 
sistent effect  of  intercrossing  on  subsequent  issue  by  the  same  mother, 
and  the  propagation  of  plants  from  shoots,  or  of  the  begonia  from 
minute  fragments  of  leaves,  or  the  development  of  small  pieces  of 
water-worms  into  complete  animals. 

MARKED    EFFECTS    OF    USE    AND    DISUSE   ON    THE   INDIVIDUAL. 

These  are.  to  some  extent,  an  argument  against  the  cumulative  in- 
heritance of  such  effects.  When  a  nerve  atrophies  from  disuse,  or  a 
duct  shrivels,  or  bone  is  absorbed,  or  a  muscle  becomes  small  or 
flabby,  it  proves,  so  far,  that  the  average  effect  of  use  through  enor- 
mous ages  is  not  transmitted.  When  the  fibula  of  a  dog's  leg  thickens 
by  400  per  cent,  to  a  size  "  equal  to  or  greater  than  "  that  of  the 
removed  tibia  which  previously  did  the  work,1  it  shows  that,  in  spite 
of  disuse  for  countless  generations,  the  "  almost  filiform  "  bone  has 
retained  a  potentiality  of  development  which  is  fully  equal  to  that 
possessed  by  the  larger  one  which  has  been  constantly  used.  When, 
after  being  reared  on  the  ailanthus,  the  caterpillars  of  the  Bombyx. 
Hesperus  die  of  hunger  rather  than  return  to  their  natural  food,  the 
inherited  effect  of  ancestral  habit  does  not  seem  to  be  particularly 
strong.  Neither  is  there  any  strongly  inherited  effect  of  long  contin- 
ued ancestral  wildness  in  many  animals  which  are  easily  tamed. 

WOULD    NATURAL    SELECTION    FAVOR   USE-INHERITANCE  ? 

If  use-inheritance  is  really  one  of  the  factors  of  evolution,  it  is 
certainly  a  subordinate  one,  and  an  utterly  helpless  one,  whenever  it 
comes  into  conflict  with  the  great  ruling  principle  of  selection.  Would 
this  dominant  cause  of  evolution  have  favored  a  tendency  to  use- 
inheritance  if  such  had  appeared,  or  would  it  have  discouraged  and 
destroyed  it  ?  We  have  already  seen  that  use-inheritance  is  unneces- 
sary, since  natural  selection  will  be  far  more  effective  in  bringing 
about  advantageous  modifications  ;  and  if  it  can  be  shown  that  use- 
inheritance  would  often  be  an  evil,  it  then  becomes  probable  that,  on 
the  whole,  natural  selection  would  more  strongly  discourage  and  elimi- 
nate it  as  a  hostile  factor  than  it  might  occasionally  favor  such  a  ten- 
dency as  a  totally  unnecessary  aid. 

1  "Variation  of  Animals  and  Plants  under  Domestication,"  ii.,  p.  286. 
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USE-INHERITANCE   AN   EVIL. 

Use-inheritance  would  crudely  and  indiscriminately  proportion  parts 
to  actual  work  done — or  rather  to  the  varying  nourishment  and  growth 
resulting  from  a  multiplicity  of  causes — and  this  in  its  various  details 
would  often  conflict  most  seriously  with  the  real  necessities  of  the 
case,  such  as  occasional  passive  strength,  or  appropriate  shape,  light- 
ness and  general  adaptation.  If  its  accumulated  effects  were  not 
corrected  by  natural  or  sexual  selection,  horns  and  antlers  would  dis- 
appear in  favor  ot  enlarged  hoofs.  The  elephant's  tusks  would  become 
smaller  than  its  teeth.  Men  would  have  callosities  for  sitting  on,  like 
certain  monkeys,  and  huge  corns  or  hoofs  for  walking  on.  Bones 
would  often  be  modified  disastrously.  Thus,  the  condyle  of  the  human 
jaw  would  become  larger  than  the  body  of  the  jaw,  because,  as  the 
fulcrum  of  the  lever,  it  receives  more  pressure.  Some  organs  (like  the 
heart,  which  is  always  at  work)  would  become  inconveniently  or  un- 
necessarily large.  Other  absolutely  indispensable  organs,  which  are 
comparatively  passive  or  are  very  seldom  used,  would  dwindle  until 
their  weakness  caused  the  ruin  of  the  individual,  or  the  extinction  of 
the  species.  In  eliminating  various  evil  results  of  use-inheritance, 
natural  selection  would  be  eliminating  use-inheritance  itself.  The  dis- 
placement of  Lamarck's  theory  by  Darwin's,  shows  that  the  effects  of 
use-inheritance  often  differ  from  those  required  by  natural  selection ; 
and  it  is  clear  that  the  latter  factor  must,  at  least,  have  reduced  use- 
inheritance  to  the  very  minor  position  of  comparative  feebleness  and 
harmlessness  assigned  to  it  by  Darwin. 

Use-inheritance  would  be  ruinous  through  causing  unequal  variation 
in  co-operative  parts — of  which  Mr.  Spencer  may  accept  his  own 
instances  of  the  jaws  and  teeth,  and  the  cave-crab's  lost  eyes  and  per- 
sistent eye-stalks,  as  typical  examples.  That  the  variation  would  be 
unequal  seems  almost  self-evident  from  the  varying  rapidity  and  ex- 
tent of  the  effects  of  use  and  disuse  on  different  tissues,  and  on  differ- 
ent parts  of  the  general  structure.  The  optic  nerve  may  atrophy  in  a 
few  months  from  disuse  consequent  on  the  loss  of  the  eye.  Some  of 
the  bones  of  the  rudimentary  hind  legs  of  the  whale  are  still  in  ex- 
istence after  disuse  for  an  enormous  period.  Evidently  use-inheritance 
could  not  equally  modify  the  turtle  and  its  shell,  or  the  brain  and  its 
skull ;  and  in  minor  matters  there  would  be  the  same  incongruity  of 
effect.  Thus,  if  the  molar  teeth  lengthened  from  extra  use  the  incisors 
could  not  meet.  Unequal  and  indiscriminate  variation  would  throw 
the  machinery  of  the  organism  out  of  gear  in  innumerable  ways. 

Use-inheritance  would  perpetuate  various  evils.  We  are  taught, 
for  instance,  that  it  perpetuates  short-sight,  inferior  senses,  epilepsy, 
insanity,  nervous  disorders  and  so  forth.  It  would  apparently  trans- 
mit the  evil  effects  of  over-exertion,  disuse,  hardship,  exposure,  disease 

and  accident,  as  well  as  the  defects  of  age  or  immaturity. 
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Would  it  not  be  better,  on  the  whole,  if  each  individual  took  a 
fresh  start,  as  far  as  possible,  on  the  advantageous  typical  lines  laid 
down  by  natural  selection  ?  Through  the  long  stages  of  evolution, 
from  primeval  protoplasm  upward,  such  species  as  were  least  affected 
by  use-inheritance  would  be  most  free  to  develop  necessary  but 
seldom-used  organs,  protective  coverings,  such  as  shells  or  skulls,  and 
natural  weapons,  defenses,  ornaments,  special  adaptations,  and  so 
forth,  and  this  would  be  an  advantage — for  survival  would  obviously 
depend  on  the  importance  of  a  structure  or  faculty  in  deciding  the 
struggle  for  existence  and  reproduction,  and  not  on  the  total  amount 
of  its  using  or  nourishment.  If  natural  selection  had,  on  the  whole, 
favored  this  officious  ally  and  frequent  enemy,  surely  we  should  find 
better  evidence  of  its  existence. 

Without  laying  undue  stress  upon  the  evil  effects  of  use-inheritance, 
a  careful  examination  of  them  in  detail  may  at  least  serve  to  counter- 
balance the  optimistic  a  priori  arguments  for  belief  in  that  plausible 
but  unproven  factor  of  evolution. 

The  benefits  derivable  from  use-inheritance  are  largely  illusory. 
The  effects  of  use,  indeed,  are  generally  beneficial  up  to  a  certain 
point ;  for  natural  selection  has  sanctioned  or  evolved  organs 
which  possess  the  property  or  potentiality  of  developing  to  the  right 
extent  under  the  stimulus  of  use  or  nourishment.  But  u&e-inAtrttamc* 
would  cumulatively  alter  this  individual  adaptability,  and  would  tend 
to  fix  the  size  of  organs  by  the  average  amount  of  ancestral  use  or 
disuse  rather  than  by  the  actual  requirements  of  the  individual.  Of 
course,  under  changed  conditions  involving  increased  or  lessened 
use  of  parts  it  might  become  advantageous  ;  but  even  here  it  may 
prove  a  decided  hindrance  to  adaptive  evolution  in  some  respects  as 
well  as  an  unnecessary  aid  in  others.  Thus,  in  the  case  of  animals 
becoming  heavier,  or  walking  more,  it  would  lengthen  the  legs, 
although  natural  selection  might  require  them  to  be  shortened.  In 
the  Aylesbury  duck  and  the  Call  duck,  if  use-inheritance  has  in- 
creased the  dimensions  of  the  bones  and  tendons  of  the  leg,  natural 
selection  has  had  to  counteract  this  increase  so  far  as  length  is  con- 
cerned, and  to  effect  8  per  cent,  of  shortening  besides.  If  use- 
inheritance  thickens  bones  without  proportionally  lengthening  them, 
it  would  hinder  rather  than  help  the  evolution  of  such  structures  as 
the  long  light  wings  of  birds,  or  the  long  legs  and  neck  of  the  giraffe 
or  crane. 

VARIED   EFFECTS   OF   USE   AND   DISUSE. 

The  changes  which  we  somewhat  roughly  and  empirically  group 
together  as  the  effects  of  "  use  and  disuse "  are  of  widely  diverse 
character.  Thus,  bone,  as  the  physiological  fact,  thickens  under 
alternations  of  pressure  (and  the  consequent  increased  flow  of  nourish- 
ment), but  atrophies  under  a  steadily  continued  pressure  ;  so  that  if 
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the  use  of  a  bone  involved  continuous  pressure,  the  effect  of  such 
use  would  be  a  partial  or  total  absorption  of  that  bone.  Darwin 
shows  that  bone  lengthens  as  well  as  thickens  from  carrying  a  greater 
weight,  while  tension  (as  seen  in  sailors'  arms,  which  are  used  in  pull- 
ing) appears  to  have  an  equally  marked  effect  in  shortening  bones 
("  Descent  of  Man,"  p.  18).  Thus,  different  kinds  of  use  may  pro- 
duce opposite  results.  The  cumulative  inheritance  of  such  effects 
would  often  be  mischievous.  The  limbs  of  the  sloth  and  the  prehen- 
sile tail  of  the  spider  monkey  would  continually  grow  shorter,  while 
the^legs  of  the  evolving  elephant  or  rhinoceros  might  lengthen  to  an 
undesirable  extent.  Such  cumulative  tendencies  of  use-inheritance, 
if  they  exist,  are  obviously  well  kept  under  by  natural  selection. 

Although  the  ultimate  effect  of  use  is  generally  growth  or  enlarge- 
ment, through  increased  flow  of  blood,  the  first  effect  usually  is  a  loss 
of  substance,  and  a  consequent  diminution  of  size  and  strength. 
When  the  loss  exceeds  the  growth,  use  will  diminish  or  deteriorate  the 
part  used,  while  disuse  would  enlarge  or  perfect  it.  Teeth,  claws, 
nails,  skin,  hair,  hoofs,  feathers,  etc.,  may  thus  be  worn  away  faster 
than  they  can  renew  themselves.  But  this  wearing  away  usually 
stimulates  the  repairing  process,  and  so  increases  the  rate  of  growth  ; 
that  is,  it  will  increase  the  size  produced,  if  not  the  size  retained. 
Which  effect  of  use  does  use-inheritance  transmit  in  such  cases — the 
increased  rate  of  growth  or  the  dilapidation  of  the  worn-out  parts  ? 
We  can  hardly  suppose  that  both  these  effects  of  use  will  be  inher- 
ited. Would  shaving  destroy  the  beard  in  time  or  strengthen  it  > 
Will  the  continued  shearing  of  sheep  increase  or  lessen  the  growth  of 
wool  ?  What  will  be  the  ultimate  effect  of  plucking  geese's  quills, 
and  of  the  eider  duck's  abstraction  of  the  down  from  her  breast  ?  If 
the  mutilated  parts  grow  stronger  or  more  abundantly,  why  were  the 
motmot's  feathers  alleged  to  be  narrowed  by  the  inherited  effects  of 
ancestral  nibbling  ? 

The  "  use  "  or  "  work  "  or  "  function "  of  muscles,  nerves,  bones, 
teeth,  skin,  tendon,  glands,  ducts,  eyes,  blood  corpuscles,  cilia,  and 
the  other  constituents  of  the  organism,  is  as  widely  different  as  the 
various  parts  are  from  each  other,  and  the  effects  of  their  use  or  dis- 
use are  equally  varied  and  complicated. 

USE-INHERITANCE   IMPLIES   PANGENESIS. 

How  could  the  transmission  of  these  varied  effects  to  offspring  be 
accounted  for  ?  Is  it  possible  to  believe,  with  Mr.  Spencer,  that  the 
effects  of  use  and  disuse  on  the  parts  of  the  personal  structure  are 
simultaneously  registered  in  corresponding  impressions  on  the  seminal 
germs?  Must  we  not  feel,  with  Darwin  apparently,1  that  the  only 

1  "  Variation  of  Animals  and  Plants  under  Domestication,"  H.,  pp.  367,  388,  398  ; 
"  Life  and  Letters."  Hi.,  p.  44. 
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intelligible  explanation  of  use-inheritance  is  the  hypothesis  of  Pan- 
genesis,  according  to  which  each  modified  cell,  or  physiological  unit, 
throws  off  similarly-modified  gemmules  or  parts  of  itself,  which  ulti- 
mately reproduce  the  change  in  offspring?  If  we  reject  pangenesis, 
it  becomes  difficult  to  see  how  use-inheritance  can  be  possible. 

PANGENESIS   IMPROBABLE. 

The  more  important  and  best-known  phenomena  of  heredity  do  not 
require  any  such  hypothesis,  and  leading  facts  (such  as  atavism, 
transmission  of  lost  parts,  and  the  general  non-transmission  of  ac- 
quired characters)  are  so  adverse  to  it  that  Darwin  has  to  concede 
that  many  of  the  reproductive  gemmules  are  atavistic,  and  that  by 
continuous  self-multiplication  they  may  preserve  a  practical  "  contin- 
uity of  germ-substance,"  as  Weismann  would  term  it.  The  idea  that 
the  relationship  of  offspring  to  parent  is  one  of  direct  descent  is,  as 
Galton  tells  us,  "  wholly  untenable ;  "  and  the  only  reason  he  admits 
some  supplementary  traces  of  pangenesis  into  his  "  Theory  of  Hered- 
ity," '  is  that  he  may  thus  account  for  the  more  or  less  questionable 
cases  of  the  transmission  of  acquired  characters.  But  there  appears 
to  be  no  necessity  even  for  this  concession.  We  ought,  therefore,  to 
dispense  with  the  useless  and  gratuitous  hypothesis  that  cells  multi- 
ply by  throwing  off  minute  self-multiplying  gemmules,  as  well  as  by 
the  well-known  method  of  sub-division.  If  pangenesis  occurs,  the 
transmission  of  acquired  characters  ought  to  be  a  prominent  fact.  The 
size,  strength,  health  and  other  good  or  evil  qualities  of  the  cells 
could  hardly  fail  to  exercise  a  marked  and  corresponding  effect  upon 
the  size  and  quality  of  the  reproductive  gemmules  thrown  off  by  those 
cells.  The  direct  evidence  tends  to  show  that  these  free  gemmules 
do  not  exist.  Transfusion  of  blood  has  failed  to  affect  inheritance  in 
the  slightest  degree.  Pangenesis,  with  its  attraction  of  gemmules 
from  all  parts  of  the  body  into  the  germ-cells,  and  the  free  circulation 
of  gemmules  in  the  offspring  till  they  hit  upon  or  are  attracted  by  the 
particular  cell  or  cells,  with  which  alone  they  can  readily  unite,  seems 
a  less  feasible  theory  and  less  in  conformity  with  the  whole  of  the 
facts  than  an  hypothesis  of  germ-continuity  which  supposes  that  the 
development  of  the  germ-plasm  and  of  the  successive  self-dividing 
cells  of  the  body  proceeds  from  within.  Darwin's  keen  analogy  of 
the  fertilization  of  plants  by  pollen  renders  development  from  without 
conceivable,  but  as  there  are  no  insects  to  convey  gemmules  to  their 
destination,  each  kind  of  gemmule  would  have  to  be  exceedingly  nu- 
merous and  easily  attracted  from  amongst  an  inconceivable  number  of 
other  gemmules.  Arguments  against  pangenesis  can  also  be  drawn 
from  the  case  of  neuter  insects — a  fact  which  seems  to  have  escaped 
Darwin's  notice,  although  he  had  seen  how  strongly  that  case  was 
1  Contemporary  Review,  pp.  94,  95,  Dec.  1875. 
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opposed  to  the  doctrine  which  is  the  essential  basis  of  the  theory  oi 
pangenesis. 

SPENCER'S  EXPLANATION  OF  USE-INHERITANCE. 

Mr.  Spencer's  explanation  of  the  inheritance  of  the  effects  of  use 
and  disuse  (p.  36)  is  that  "  while  generating  a  modified  consensus 
of  functions  and  of  structures,  the  activities  are  at  the  same  time 
impressing  this  modified  consensus  on  the  sperm-cells  and  germ- 
cells  whence  future  individuals  are  to  be  produced  " —  a  proposition 
which  reads  more  like  metaphysics  than  science.  Difficult  to  under- 
stand or  believe  in  ordinary  instances,  such  consensus-inheritance 
seems  impossible  in  cases  like  that  of  the  hive-bee.  Can  we  suppose 
that  the  consensus  of  the  activities  of  the  working  bee  impresses 
itself  on  the  sperm-cells  of  the  drones  and  on  the  germ-cells  of  the 
carefully  secluded  queen?  Buchner  thinks  so,  for  he  says:  "Al- 
though the  queens  and  drones  do  not  now  work,  yet  the  capacities 
inherited  from  earlier  times  still  remain  to  them,  especially  to  the 
former,  and  are  kept  alive  and  fresh  by  the  impressions  constantly 
made  upon  them  during  life,  and  they  are  thus  in  a  position  to 
transmit  them  to  posterity."  Surely  it  is  better  to  abandon  a 
cherished  theory  than  to  be  compelled  to  defend  it  by  explanations 
which  are  as  inconsistent  as  they  are  inadequate.  New  capacities 
are  developed  as  well  as  old  ones  kept  fresh.  The  massacre  or  ex- 
pulsion of  the  drones  would  have  to  impress  itself  on  the  germ- 
cells  of  an  onlooking  queen,  and  the  imprisonment  of  the  queen  on 
the  sperm-cells  of  the  drones  —  and  in  such  a  way,  moreover,  as  to 
be  afterwards  developed  into  action  in  the  neuters  only.  And  use- 
inheritance  all  the  while  is  being  thoroughly  overpowered  by  im- 
pression-inheritance—  by  the  full  transmission  of  that  which  is 
merely  seen  in  others!  If  such  a  law  prevails,  one  may  feel  cold 
because  an  ancestor  thought  of  the  frosty  Caucasus.  None  of  this 
absurdity  would  arise  if  it  were  clearly  seen  that  a  parent  is  only  a 
trustee  —  that  transmission  and  development  are  perfectly  dis- 
tinct—  that  parental  modifications  are  irrelevant  to  those  trans- 
mitted to  offspring. 
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GENERAL  experience  teaches  that  acquired  characters  are  not 
usually  inherited;  and  investigation  shows  that  the  apparent 
exceptions  to  this  great  rule  are  probably  fallacious.  Even  the  al- 
leged instances  of  use-inheritance  culled  by  such  great  and  judicious 
selectors  as  Darwin  and. Spencer  break  down  upon  examination;  for 
they  can  be  better  explained  without  use-inheritance  than  with  it. 
On  the  other  hand,  the  adverse  facts  and  considerations  are  almost 
strong  enough  to  prove  the  actual  non-existence  of  such  a  law  or 
tendency.  There  is  no  need  to  undertake  the  apparently  impossible 
task  of  demonstrating  an  absolute  negative.  It  will  be  enough  to 
ask  that  the  Lamarckian  factor  of  use-inheritance  shall  be  removed 
from  the  category  of  accredited  factors  of  evolution  to  that  of  un- 
necessary and  improbable  hypotheses.  The  main  explanation  or 
source  of  the  fallacy  may  be  found  in  the  fact  that  natural  selections 
frequently  imitates  some  of  the  more  obvious  effects  of  use  and 
disuse. 

MODERN    RELIANCE   ON    USE-INHERITANCE    MISPLACED. 

Modem  philanthropy  —  so  far,  at  least,  as  it  ever  studies  ultimate 
results  —  constantly  relies  on  this  Ill-founded  belief  as  its  justifi- 
cation for  ignoring  the  warnings  of  those  who  point  out  the  ulti- 
mately disastrous  results  of  a  systematic  defiance  or  reversal  of  tin 
great  law  of  natural  selection.  This  reliance  finds  strong  support  iu 
Mr.  Spencer's  latest  teachings,  for  he  holds  that  the  inheritance  01 
the  effects  of  use  and  disuse  takes  place  universally,  and  that  it  is 
now  "the  chief  factor"  in  the  evolution  of  civilized  man  (pp.  35, 
74,  iv.) — natural  selection  being  quite  inadequate  for  the  work  ot 
progressive  modification.  Practically,  he  abandons  the  hope  of  evo- 
lution by  natural  selection,  and  substitutes  the  ideal  of  a  nation 
being  "  modified  en  masse  by  transmission  of  the  effects  "  of  its 
institutions  and  habits.  Use-inheritance  will  "mould  its  members 
far  more  rapidly  and  comprehensively,"  than  can  be  effected  by  the 
survival  of  the  fittest  alone. 


'ARE  THE  EFFECTS  OF  USE  INHERITED?         389 

But  could  we  rely  upon  the  aid  of  use-inheritance  if  it  really  were 
a  universal  law  and  not  a  mere  simulation  of  one  ?  Let  us  consider 
some  of  the  features  of  this  alleged  factor  of  evolution,  seeing  that 
it  is,  henceforth,  to  be  our  principal  means  of  securing  the  improve- 
ment of  our  species,  and  our  continued  adaptation  to  the  changing 
conditions  of  a  progressive  civilization. 

It  is  curiously  uncertain  and  irregular  in  its  action.  It  diminishes 
or  abolishes  some  structures  (such  as  jaws  or  eyes)  without  corres- 
pondingly diminishing  or  abolishing  other  equally  disused  and 
closely  related  parts  (such  as  teeth  or  eye-stalks).  It  thickens 
duck's  legbones  while  allowing  them  to  shorten.  It  shortens  the 
disused  wing-bones  of  ducks  and  the  leg-bones  of  rabbits  while 
allowing  them  to  thicken ;  and  yet,  in  other  cases,  it  greatly  reduces 
the  thickness  of  bones  without  shortening  them.  It  transmits  tame- 
ness  most  powerfully  in  an  animal  which  usually  cannot  acquire  it. 
It  aids  in  webbing  the  feet  of  water-dogs,  but  fails  to  web  the  feet  of 
the  water-hen,  or  to  remove  the  web  in  the  feet  of  upland  geese.1 
It  allows  the  disused  fibula  to  retain  a  potentiality  of  development 
fully  equal  to  that  possessed  by  the  long-used  tibia.  It  lengthens 
legs  because  they  are  used  in  supporting  the  body,  and  shortens 
arms  because  they  are  used  in  pulling.  Whether  it  enlarges  brain 
if  used  in  one  way  and  diminishes  it  if  used  in  another,  we  cannot 
tell;  but  it  must  obviously  deaden  nervous  sensibilities  in  some 
cases  and  intensify  them  in  others.  It  enlarges  hands  long  before 
they  are  used,  and  thickens  soles  long  before  the  time  for  walking 
on  them.  "  At  the  same  time,  as  if  by  an  oversight,  it  so  delays  its 
transmission  of  the  habit  of  walking  on  these  thickened  soles,  that 
the  gradual  and  tedious  acquisition  of  the  non-transmitted  habit 
costs  the  infant  much  time  and  trouble,  and  often  some  pain  and 
danger.  Yet,  where  aided  by  natural  selection,  as  with  chickens  and 
foals,  it  transmits  the  habit  in  wonderful  perfection  and  at  a  remark- 
ably early  date.  It  transmits  new  paces  in  horses  in  a  single  gener- 
ation, but  fails  to  perpetuate  the  songs  of  birds.  It  modifies  off- 
spring like  parents,  and  yet  allows  the  formation  of  two  reproductive 
types  in  plants,  and  of  two  or  more  types  widely  different  from  the 
parents  in  some  of  the  higher  insects.  It  is  said  to  be  indispensable 
for  the  co-ordinated  development  of  man  and  the  giraffe  and  the  elk, 
but  appears  to  be  unnecessary  for  the  evolution  and  the  maintenance 
of  wonderful  structures  and  habits  and  instincts  in  a  thousand 
species  of  ants  and  bees  and  termites.  It  is  the  only  possible  means 
of  complex  evolution  and  adaptation  of  co-operative  parts,  and  yet 
in  Mr.  Spencer's  most  representative  case  it  renders  such  important 
parts  as  teeth  and  jaws  unsuited  for  each  other,  and  is  said  to  ruin 
the  teeth  by  the  consequent  overcrowding  and  decay.  It  survives 

1  Professor  Romanes  had  casts  made  of  the  feet  of  upland  geese,  and 
could  not  detect  any  diminution  as  compared  with  the  web  of  other  geese 
in  relation  to  the  toes. 
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amidst  a  general  "  lack  of  recognized  evidence,"  and  only  seems  to 
act  usefully  and  healthily  and  regularly  in  quarters  where  it  can 
least  easily  be  distinguished  from  other  more  powerful  and  demon- 
strable factors  of  evolution.  So  little  does  it  care  to  display  its 
powers  where  they  would  be  easily  verifiable  as  well  as  useful  that 
practical  breeders  ignore  it.  So  slight  is  its  independent  power  that 
it  seems  to  allow  natural  selection  or  sexual  selection  or  artificial 
selection  to  modify  organisms  in  sheer  defiance  of  its  utmost  oppo- 
sition, just  as  readily  as  they  modify  organisms  in  other  directions 
with  its  utmost  help.  If  it  partially  perpetuates  and  extends  the 
pecked-out  indentations  in  the  motmot's  tail  feathers,  it  on  the  other 
hand  fails  to  transmit  the  slightest  trace  of  mutilation  in  an  almost 
infinite  number  of  ordinary  cases,  and  even  where  the  mutilation  is 
repeated  for  a  hundred  generations ;  and  it  apparently  repairs  rather 
than  transmits  the  ordinary  and  oft-repeated  losses  caused  by  pluck- 
ing hair,  down  and  feathers,  and  the  wear  and  tear  of  claws,  teeth, 
hoofs  and  skin. 

It  is  often  mischievous  as  well  as  anomalous  in  its  action.  Under 
civilization,  with  its  division  of  labor,  the  various  functions  of  mind 
and  body  are  very  unequally  exercised.  There  is  overwork  or  mis- 
use of  one  part,  and  disuse  and  neglect  of  others,  leading  to  the 
partial  breakdown  or  degeneration  of  various  organs,  and  to  general 
deterioration  of  health  through  disturbed  balance  of  the  constitution. 
The  brain,  or  rather  particular  parts  of  it,  are  often  overstimulated, 
while  the  body  is  neglected.  In  many  ways  education  and  civiliza- 
tion foster  nervousness  and  weakness,  and  undermine  the  rude 
natural  health  and  spirits  of  the  human  animal.  Alcohol,  tobacco, 
tea,  coffee,  extra  brain  work,  late  hours,  dissipation,  overwork,  in- 
door life,  division  of  labor,  preservation  of  the  weak,  and  many 
other  causes,  all  help  to  injure  the  modern  constitution ;  so  that  the 
prospect  of  cumulative  intensification  of  these  evils  by  the  additional 
influence  of  use-inheritance  is  not  an  encouraging  one.  It  is  true 
that  modern  progress  and  prosperity  are  improving  the  people  in 
various  respects  by  their  direct  action ;  but  if  use-inheritance  has  any 
share  in  effecting  this  improvement,  it  must  also  transmit  increased 
wants  and  more  luxurious  habits  together  with  such  evils  as  have 
already  been  referred  to.  As  depicted  by  its  defenders,  use-inheri- 
tance transmits  evils  far  more  powerfully  and  promptly  than  bene- 
fits. It  transmits  insanity  and  shattered  nerves  rather  than  the 
healthy  brain  which  preceded  the  breakdown.  It  perpetuates,  and 
cumulatively  intensifies,  a  deterioration  in  the  senses  of  civilized 
men,  but  it  fails  to  perpetuate  the  rank  vigor  of  various  plants 
when  to  well  nourished,  or  the  flourishing  condition  of  various 
animals  when  too  fat  or  when  tamed.  It  already  transmits  the 
short-sight  caused  by  so  modern  an  art  as  watchmaking,  but  so 
fails  to  transmit  the  long-practiced  art  of  seeing  (as  it  does  of 
walking  and  talking)  that  vision  is  worse  than  useless  to  a  man  until 
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he  gradually  acquires  the  necessary  but  non-transmitted  associations 
of  sensation  and  idea  by  his  own  experience.  In  a  well-known  case, 
a  blind  man,  on  gaining  his  sight  by  an  operation,  said  that  "  all 
objects  seemed  to  touch  his  eyes,  as  what  he  felt  did  his  skin  " — so 
little  had  the  universal  experience  of  countless  ages  impressed  itself 
on  his  faculties.  Under  normal  healthy  conditions  use-inheritance 
is  so  slow  in  its  action  that  "  several  generations  "  must  elapse  be- 
fore it  produces  any  appreciable  effect,  and  then  that  effect  is  only 
precisely  what  selection  might  be  expected  to  bring  about  without 
its  aid.  Strong  for  evil  and  slow  for  good,  it  can  compel  epilepsy 
promptly  in  guinea  pigs,  but  transmits  the  acquirements  of  genius 
so  poorly  that  our  best  students  of  the  heredity  of  genius  has  to 
account  for  the  frequent  and  remarkable  deterioration  of  the  off- 
spring by  a  theory  which  is  strongly  hostile  to  use-inheritance.  It 
would  tend  to  make  organisms  unworkable  by  the  excessive  differ- 
ences in  its  rate  and  manner  of  action  on  co-operative  parts,  and  by 
adapting  these  parts  to  the  total  amount  of  nourishment  received 
rather  than  to  occasional  necessity  or  actual  usefulness.  It  would 
tend  to  stereotype  habits  and  convert  reason  into  instinct. 

How,  then,  can  we  rely  upon  use-inheritance  for  the  improvement 
of  the  race  ?  Even  if  it  is  not  a  sheer  delusion,  it  may  be  more  detri- 
mental as  a  positive  evil  than  it  is  advantageous  as  an  unnecessary 
benefit ;  and  as  a  normal  modifying  agent  it  is  miserably  weak  and 
untrustworthy  in  comparison  with  the  powerful  selective  influences 
by  which  nature  and  society  continually  and  inevitably  affect  the 
species  for  good  or  for  evil.  The  effects  of  use  and  disuse  —  rightly 
directed  by  education  in  its  widest  sense  —  must  of  course  be  called 
in  to  secure  the  highly  essential  but  nevertheless  superficial,  limited, 
and  partly  deceptive  improvement  of  individuals  and  of  social  man- 
ners and  methods ;  but  as  this  artificial  development  of  already  exist- 
ing potentialities  does  not  directly  or  readily  tend  to  become  con- 
genital, it  is  evident  that  some  considerable  amount  of  natural  or 
artificial  selection  of  the  more  favorably  varying  individuals  will 
still  be  the  only  means  of  securing  the  race  against  the  constant 
tendency  to  degeneration  which  would  ultimately  swallow  up  all 
the  advantages  of  civilization.  The  selective  influences  by  which 
our  present  high  level  has  been  reached  and  maintained  may  well 
be  modified,  but  they  must  not  be  abandoned  or  reversed  in  the  rash 
expectation  that  State  education,  or  State  feeding  of  children,  or 
State  housing  of  the  poor,  or  any  amount  of  State  socialism  or 
public  or  private  philanthropy,  will  prove  permanently  satisfactory 
substitutes.  If  ruinous  deterioriation  and  other  more  immediate 
evils  are  to  be  avoided,  the  race  must  still  be  to  the  swift  and  the 
battle  to  the  strong.  The  healthy  individualism  so  earnestly 
championed  by  Mr.  Spencer  must  be  allowed  free  play.  Open  com- 
petition, as  Darwin  teaches,  with  its  survival  and  multiplication  of 
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the  fittest,  must  be  allowed  to  decide  the  battle  of  life  independently 
of  a  foolish  benevolence  that  prefers  the  laborate  cultivation  and 
multiplication  of  weeds  to  the  growth  of  corn  and  roses.  We  are 
trustees  for  the  countless  generations  of  the  future.  If  we  are  wise 
we  shall  trust  to  the  great  ruling  truths  that  we  assuredly  know, 
rather  than  to  the  seductive  claims  of  an  alleged  factor  of  evolution 
for  which  no  satisfactory  evidence  can  be  produced. 
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DARWINISM  AND  POLITICS 

BY 
DAVID  G.  RITCHIE,  M.A. 


/^HARLES  DARWIN  himself  has  told  us*  that  it  was  Malthus's 
\^s  ..Essay  on  Population  which  suggested  to  him  the  theory  of 
Natural  Selection.  The  constant  tendency  of  population  to  outrun 
the  means  of  subsistence  and  the  consequent  struggle  for  existence 
were  ideas  that  only  needed  to  be  extended  from  human  beings  to 
the  whole  realm  of  organic  nature  in  order  to  explain  why  certain 
inherited  variations  become  fixed  as  the  characterisics  of  definite  types 
or  species.  Thus  an  economic  treatise  suggested  the  answer  to  the 
great  biological  problem  ;  and  it  is  therefore  fitting  that  the  biological 
formulae  should,  in  their  turn,  be  applied  to  the  explanation  of  social 
conditions.  It  is  felt,  rightly  enough,  that  the  problems  of  human 
society  cannot  be  fairly  studied,  u  we  ao  not  make  use  of  all  the  light 
to  be  found  in  the  scientific  investigation  of  nature ;  and  the  conception 
of  the  struggle  for  existence  comes  back  to  the  explanation  of  human 
society  with  all  the  added  force  of  its  triumph  in  the  solution  of  the 
greatest  question  with  which  natural  science  has  hitherto  successfully 
dealt.  Our  sociologists  look  back  with  contempt  on  older  phrases, 
such  as  "Social  Contract"  or  "Natural  Rights,"  and  think  that  they 
have  gained,  not  only  a  more  accurate  view  of  what  is,  but  a  rule 
available  in  practical  ethics  and  politics.  Evolution  has  become  not 
merely  a  theory  but  a  creed,  not  merely  a  conception  by  which  to 
understand  the  universe,  but  a  guide  to  direct  us  how  to  order  our 
lives. 

The  phrase  "  struggle  for  existence,"  as  it  came  from  the  pages  of 
Malthus,  had  a  dreary  enough  sound ;  but,  when  this  struggle  for 
existence  is  shown  to  lead  to  the  "  survival  of  the  fittest,"  and  when 
it  is  seen  to  be  the  explanation  of  all  the  marvellous  adaptations  and 
of  all  the  beauty  of  the  living  things  in  the  world,  it  seems  to  gain  a 
force  and  even  a  sanctity  which  makes  it  a  very  formidable  opponent 
to  have  to  reckon  mth  in  any  political  or  ethical  controversy.  It  is 

*  Life  and  Letter*  ofChairlti  Darwin  I.  p.  83.    Cp.  Letters  to  Haeckel,  quoted  by  Grant  Allen 
Darvrin,  p.  22. 
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to  see  how  the  evolutionary  watch-word  can  be  applied.  In 
Maicius  the  idea  of  struggle  for  existence  was  a  very  uncomfortable 
one;  ^ut,  when  it  comes  back  to  economics  after  passing  through 
biology,  it  makes  a  very  comfortable  doctrine  indeed  for  all  those  who 
are  quite  satisfied  with  things  as  they  are.  The  support  of  scientific 
opinion  can  be  plausibly  claimed  for  the  defence  of  the  inequalities 
in  the  social  organism  :  these  inequalities,  it  can  be  urged,  are  only 
part  of  what  exist  inevitably  throughout  the  physical  world.  The 
creed  of  Liberty,  Equality,  Fraternity  can  be  discarded  as  a  meta- 
physical fiction  of  the  unscientific  eighteenth  century.  The  aspirations 
of  socialism  can  be  put  aside  as  the  foolish  denial  of  the  everlasting 
economic  competition  which  is  sanctioned  by  nature  as  only  one  phase 
of  the  general  struggle  for  existence. 

Let  us  suppose  for  a  moment  that  our  biological  politicans  are 
correct  in  their  view  of  social  evolution  :  they  ought,  at  least,  to  ceast 
talking  to  us  of  "  the  beneficent  working  of  the  survival  of  the  fittest,' 
or  "  the  beneficent  private  war,  which  makes  one  man  strive  to  climb 
on  the  shoulders  of  another."*  This  talk  of  "  beneficence  "  is  itself 
but  a  survival,  not  of  the  fittest,  but  of  the  "  theological  "  belief  in  a 
God  who  wills  the  happiness  of  his  creatures  —  the  attenuated  creed  of 
the  English  Deists  —  or  of  the  "  metaphysical  "  belief  in  a  Nature  which, 
if  only  left  to  itself,  leads  to  better  results  than  can  be  secured  by  any 
interference  of  man.  That  was  the  type  of  thinking  in  the  days  of 
Kousseau  and  Adam  Smith  :  and  our  evolutionary  enthusiasts,  when 
they  talk  of  beneficence,  are,  after  all,  only  repeating  the  creed  of  the 
despised  eighteenth  century,  or  else  they  are  only  disguising  under  a 
hypocritical  phrase  the  triumphant  crowing  of  the  successful  fighting- 
cock,  aloft  on  his  own  dung-heap,  while  his  vanquished  opponent  slinks 
away  battered  and  bleeding.  From  natural  selection  there  have 
resulted  wonderful  adaptations,  but  how  much  of  suffering  by  the 
way,  how  much  of  horrid  cruelty  in  these  adaptations  themselves? 
The  great  Darwin  himself  speaks  in  a  very  different  tone  from  that  of 
his  jubilant  disciples.  Things  do  not  look  so  clear  to  him.  He 
marvels  at  this  wonderful  universe,  and  especially  at  the  nature  of 
man,  but  "I  cannot  see,"  he  says,  "as  plainly  as  others  do,  and  as  I 
should  wish  to  do,  evidence  of  design  and  beneficence  on  all  sides  of 
us.  There  seems  to  me  too  much  misery  in  the  world,  "f 

'  '  If  plagues  or  earthquakes  break  not  Heav'n's  design 
Why  then  a  Borgia  or  a  Catiline  ?  " 

asks  Pope  with  the  contented  optimism  of  his  easy-going  age.  And  if 
the  fratricidal  morality  of  the  bee-hive  and  the  fiendish  cunning  of  the 
Sphex  are  to  be  admired,  is  there  not  a  similar  justification  for  military 

*H  Spencer.    Tkt  Coming  Slavery,  (No.  103  of  The  Hnmboldt  Library);  Maine  Pojmlar  Govern- 
ment, p.  60. 

tFrom  a  letter  to  Dr.  Aaa  Gray  in  Life  and  Letter*,  II.  812. 


DARWINISM  AND  POLITICS.  397 

despotism  and  tyrannical  cruelty,  or  for  the  ingenious  device  of  th« 
sweating  system  T 

"  We  dined,  as  a  rule,  on  each  other. 
What  matter?  the  toughest  survived."* 

This  is  a  sufficient  morality  in  the  mesozoic  epoch  for  the  ichthyo- 
saurus, to  whom  the  sentiment  is  ascribed  by  the  poet ;  and  it  is  a 
convenient  morality  for  some  human  animals  in  London  to-day. 
Admirable,  doubtless — this  scheme  of  salvation  for  the  elect  by  the 
damnation  of  the  vast  majority ;  but,  pray,  do  not  let  us  hear  anything 
more  about  its  "beneficence." 

I  am  not  speaking  at  random  about  these  ethical  applications  of 
the  conception  of  struggle  for  existence.  Darwin  himself,  as  always, 
is  most  cautious  and  guarded  in  his  reference  to  anything  that  lies 
outside  his  own  special  sphere  of  observation.  He  looks  forward  to 
the  elimination  of  the  lower  races  by  the  higher  civilized  races  through- 
out the  world,  f  He  points  out  how  "  a  struggle  for  existence  consequent 
on  his  rapid  multiplication,"  has  advanced  man  to  his  present  high 
condition  ;  "  and,  if  he  is  to  advance  still  higher,  it  is  to  be  feared  that 
he  must  remain  subject  to  a  severe  struggle.  Otherwise  he  would  sink 
into  indolence,  and  the  more  gifted  men  would  not  be  more  successful 
in  the  battle  of  life  than  the  less  gifted."J  This,  doubtless,  includes  the 
old  objection  which  Aristotle  brought  against  Plato's  communism,  that 
man  needs  a  stimulus  to  exertion  and  industry.  But  there  is  no  jubila- 
tion, no  exaltation  of  a  natural  law  into  an  ethical  ideal.  And  let  us 
note  how  Darwin  modifies  this  very  statement  in  the  words  that 
follow : — 

"  Important  as  the  struggle  for  existence  has  been  and  even  still 
is,  yet  as  far  as  the  highest  part  of  man's  nature  is  concerned  there  are 
other  agencies  more  important.  For  the  moral  qualities  are  advanced, 
either  directly  or  indirectly,  much  more  through  the  effects  of  habit,  the 
reasoning  powers,  instruction,  religion,  etc.,  than  through  natural  selec- 
tion ;  though  to  this  latter  agency  may  be  safely  attributed  the  social 
instincts  which  afforded  the  basis  for  the  development  of  the  moral 
sense." 

Darwin  disclaims  the  connection,  which  had  been  alleged  in  Ger- 
many, between  the  doctrine  of  natural  selection  and  socialism.!  He 
sees  clearly  enough  that  his  theory  gives  aprimafacie  support  not  to 
socialism,  but  to  industrial  competition.  Yet  he  is  amused  at  the  idea 
of  The  Origin  of  Species  having  turned  Sir  Joseph  Hooker  into  "a 
jolly  old  Tory."||  "Primogeniture,"  he  says,  "is  dreadfully  opposed 
to  selection :  suppose  the  first-born  bull  was  necessarily  made  by  each 
farmer  the  begetter  of  his  stock  1"  Still,  he  admits  that  English  peers 
have  an  advantage  in  the  selection  of  "beautiful  and  charming  women 

*  May  Kendall,  Dreamt  to  Sell,  "  Ballad  of  the  Ichthyosaurus." 

MAft  and  Letters,  I.,  p.  316.  I  Descent  of  Man,  p.  819. 

I  Life  and  Letter*  III.  2»7.  1  Jb.  II.  388. 
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out  of  the  lower  ranks "  and  thus  get  some  benefit  from  the  principle. 
In  answering  Mr.  Gallon's  questions,  Darwin  describes  his  own  politics 
as  "Liberal  or  Radical:"*  and  this  was  in  1873,  by  which  time  Radi- 
calism was  no  longer  bound  to  out  and  out  laissez  faire. 

Evolution,  as  applied  to  the  whole  of  the  universe,  means  a  great 
deal  more  than  the  pi'inciple  of  natural  selection.  In  the  wider  sense 
it  is  professedly  applied  to  the  guidance  of  life  by  Strauss  in  his 
famous  book  The  Old  Faith  and  the  New,  where  military  conquest 
and  social  inequalities  are  expressly  defended  as  right,  because  natural ; 
and  nothing  but  contempt  is  reserved  for  those  who  venture  to  hope 
for  the  abolition  of  war,  who  look  beyond  the  limits  of  the  nation  or 
who  dream  of  a  better  social  order.f  It  might  be  objected  that  in 
these  passages  we  do  not  hear  the  voice  of  German  science  and 
philosophy  but  of  that  re-actionary  military  spirit  which  has  infected 
the  new  German  nation;  and  I  think  it  could  be  shown  that  such 
sentiments  are  inconsistent  with  admissions  that  Strauss  himself 
makes,  although  he  and  most  German  savants  with  him  believe  that 
they  are  a  necessary  consequence  of  the  Evolutionist  creed. 

Let  us  turn,  however,  to  our  English  philosopher  who  is  always 
protesting  against  everything  that  can  on  any  pretext  be  ascribed  to 
the  revived  militancy  of  the  present  day.  In  the  name  of  Evolution  and 
on  behalf  of  the  survival  of  the  fittest  Mr.  Herbert  Spencer  cries  out 
against  "The  Sins  of  Legislators"  in  interfering  with  the  beneficent 
operation  of  the  pitiless  discipline  which  kills  off  the  unsuccessful 
members  of  society,  and  against  "  The  Coming  Slavery  "  of  socialistic 
attempts  to  diminish  the  misery  of  the  world.  Now,  just  as  in 
Strauss's  case  the  military  spirit,  so  in  Spencer's  the  old-fashioned 
individualistic  radicalism  of  his  early  days  might  be  assigned  as  the 
true  source  of  such  opinions ;  but  there  can  be  no  doubt  that  the 
formulae  of  Evolution  do  supply  an  apparent  justification  to  the 
defenders  of  unrestricted  laissez  faire  and  to  the  champions,  more  or 
less  consistent  and  thorough-going,  of  existing  inequalities  of  race,  class 
and  sex,  and  a  plausible  weapon  of  attack  against  those  who  look  to 
something  better  than  slavery  or  competition  as  the  basis  of  human 
society.  Thus  Spencer  rejoices  over  the  Liberty  and  Property  Defence 
League,  "largely  consisting  of  Conservatives,"!  and  the  late  Sir 
Henry  Main  in  the  congenial  pages  of  the  Quarterly  Review  §  rejoiced 
over  Mr.  Herbert  Spencer  and  glorified  "  the  beneficent  private  war '' 
of  economical  competition,  which  he  considered  the  only  alternative  to 
"  the  daily  task,  enforced  by  the  prison  or  the  scourge."  "  So  far," 
he  says,  "  as  we  have  any  experience  to  teach  us,  we  are  driven  to  the 

*t&.  III.  178. 
f  See  esp.  secs.TS,  79,  82,  83, 84,  in  German  (ed.  8. 1875)=  sees.  74,  75, 78,  79, 80,  in  Eng.  Tr.  (ed.  3. 1874). 

%  See  No.  \<j'J>  of  The  Humboldt  Library. 
8  Republished  in  Popular  Government.    See  pp.  49,  50  62. 
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conclusion   that  every  society  of  men  must  adopt  one  system  or  the 
other,  or  it  will  pass  through  penury  to  starvation." 

Even  those,  who  are  more  full  of  hope  for  the  future  and  more  full 
of  sympathy  for  human  beings,  are  apt  to  adopt  a  similar  mode  of 
speaking.  Thus,  in  his  interesting  little  book,  The  Story  of  Creation, 
Mr.  Edward  Clodd,  though  he  looks  forward  to  "  a  goal,  where  might 
shall  be  subdued  by  right,"  still  speaks  as  follows : — 

"  When  the  weeding  process  has  done  its  utmost,  there  remains  a 
sharp  struggle  for  life  between  the  survivors.  Man's  normal  state  is 
therefore  one  of  conflict ;  further  back  than  we  can  trace,  it  impelled 
the  defenceless  bipeds  from  whom  he  sprang  to  unity,  and  the  more  so 
because  of  their  relative  inferiority  in  physique  to  many  other  animals. 
The  range  of  that  unity  continued  narrow  long  after  he  had  gained 
lordship  over  the  brute ;  outside  the  small  combinations  for  securing 
the  primal  needs  of  life  the  struggle  was  ferocious,  and,  under  one  form 
or  another,  rages  along  the  line  to  this  day.  '  There  is  no  discharge 
in  that  war.'  It  may  change  its  tactics  and  its  weapons :  among 
advanced  nations  the  military  method  may  be  more  or  less  superseded 
by  the  industrial,  a  man  may  be  mercilessly  starved  instead  of  being 
mercilessly  slain ;  but  be  it  war  of  camp  or  markets,  the  ultimate  appeal 
is  to  force  of  brain  or  muscle,  and  the  hardiest  or  craftiest  win.  In 
some  respects  the  struggle  is  waged  more  fiercely  than  in  olden  times, 
while  it  is  unredeemed  by  any  element  of  chivalry."  (p.  111.) 

It  is  thus  of  the  extremest  practical  importance  to  see  what  is  the 
real  bearing  of  Evolution  on  social  problems.  We  must  examine  the 
relation  between  biological  laws  and  social  faiths  and  hopes,  if  we 
would  make  our  opinions  self -consistent :  and  self -consistency  is  the 
negative  test  of  truth.  Such  an  examination  is  especially  incumbent 
on  those  who  profess  to  keep  their  minds  open  to  all  that  science  can 
teach,  and  at  the  same  time  to  have  at  heart  the  cause  of  social  refor- 
mation. We  ought  to  have  a  reason  for  the  faith  that  is  in  us.  To  test 
our  scattered  opinions  and  beliefs  by  bringing  them  together  is  the 
main  function  of  a  sound  philosophy. 

The  phrase  "  survival  of  the  fittest "  is  very  apt  to  mislead,  for  it 
suggests  the  fittest  or  best  in  every  sense  or  in  the  highest  sense, 
whereas  it  only  means,  as  Prof.  Huxley  has  pointed  out,  those  "best 
fitted  to  cope  with  their  circumstances  "*  in  order  to  survive  and  trans- 
mit offspring.  Now  when  we  come  to  consider  society,  we  have  to 
deal  with  a  very  complex  set  of  phenomena,  and  what  is  fittest  in  one 
aspect  may  not  be  fittest  in  another.  But  natural  selection  implies  no 
further  morality  than  "Nothing  succeeds  like  success."  If  the  struggle 
for  food  and  mates  be  carried  on  on  its  lowest  terms,  the  strongest 
and  the  strongest  only  would  be  selected.  But  cunning  can  do  a 
great  deal  against  strength.  Now  we  cannot  be  sure  that  a  good  com- 
bination of  strength  and  cunning  will  be  selected :  strength  in  some 

•Art.  in  "  The  Struggle  for  Existence"  in  Nineteenth  Century  for  Feb.  1888,  p.  166. 
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cases,  cunning  in  others  is  what  we  find  by  comparing  different  species 
of  animals  and  different  races  of  men.  Again,  the  strongest  and 
largest  and  in  many  ways  finest  animals  are  not  necessarily  those  most 
capable  of  adapting  themselves  to  changed  circumstances.  The  insig- 
nificant may  more  easily  find  food  and  escape  enemies.  We  cannot  be 
sure  that  Evolution  will  always  lead  to  what  we  should  regard  as  the 
greatest  perfection  of  any  species.  Degeneration  enters  in  as  well  as 
progress.  The  latest  theory  about  the  Aryan  race  makes  the  Aryans 
come  from  the  north  of  Europe,  conquer  the  feebler  races  of  the  south, 
and,  having  proved  its  fitness  in  this  way,  prove  its  unfitness  in 
another  by  being  less  capable  of  surviving  in  a  warm  climate  than  they; 
so  that  an  Aryan  language  may  be  spoken,  where  there  remains  little  or 
no  Aryan  blood.*  Are  we  entitled  to  maintain,  with  regard  to  human 
races  and  human  individuals,  that  the  fittest  always  survive,  except  in 
the  sense  in  which  the  proposition  is  a  truism,  that  those  survive  who 
are  most  capable  of  surviving? 

Further,  we  must  emphasize  the  fact  that  the  struggle  goes  on 
not  merely  between  individual  and  individual,  but  between  race  and 
race.  The  struggle  among  plants  and  the  lower  animals  is  mainly 
between  members  of  the  same  species ;  and  the  individual  competition 
between  human  beings,  which  is  so  much  admired  by  Mr.  Herbert 
Spencer,  is  of  this  primitive  kind.  When  we  come  to  the  struggle 
between  kinds,  it  is  to  be  noticed  that  it  is  fiercest  between  allied 
kinds ;  and  so,  as  has  been  pointed  out,  the  economic  struggle 
between  Great  Britain  and  the  United  States  is  fiercer  than  elsewhere 
between  nations.  But,  so  soon  as  we  pass  to  the  struggle  between 
race  and  race,  we  find  new  elements  coming  in.  The  race  which  is 
fittest  to  survive,  i.  e.  most  capable  of  surviving,  will  survive ;  but  it 
does  not  therefore  follow  that  the  individuals  thereby  preserved  will 
be  the  fittest,  either  in  the  sense  of  being  those  who  in  a  struggle 
between  individual  and  individual  would  have  survived,  or  in  the  sense 
of  being  those  whom  we  should  regard  as  the  finest  specimens  of 
their  kind.  A  race  or  a  nation  may  succeed  by  crushing  out  the 
chances  of  the  great  majority  of  its  individual  members.  The  cruel 
polity  of  the  bees,  the  slave-holding  propensities  of  certain  species  of 
ants  have  their  analogues  in  human  societies.  The  success  of  Sparta 
in  the  Hellenic  world  was  obtained  at  the  cost  of  a  frightful  oppres- 
sion of  her  subject  classes  and  with  the  result  that  Sparta  never  pro- 
duced one  really  great  man.  How  much  more  does  the  world  owe  to 
Athens  which  failed,  than  to  Sparta  which  succeeded  in  the  physical 
struggle  for  existence  ? 

But  human  beings  are  not  merely,  like  plants  and  animals, 
grouped  into  natural  species  or  varieties.  They  have  come  to  group 

*  See  Art.  by  Prof.  Bhy«  on  "  Kace  Theories  and  European  Politics,"  in  New  Princeton 
Jan..  1888. 
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themselves  in  very  various  ways.  Thus  an  individual  may  conceivably 
belong  by  descent  to  one  group,  by  political  allegiance  to  another,  by 
language,  and  all  that  language  carries  with  it  of  tradition  and  cul- 
ture, to  a  third,  by  religion  to  a  fourth,  by  occupation  to  a  fifth — 
though  in  most  cases  two  or  more  of  these  will  coincide.  Now 
between  each  of  these  groups  and  similar  groups  there  are,  as  the 
doctrine  of  Evolution  teaches  us  if  we  need  to  be  taught,  struggles 
constantly  proceeding.  Race  struggles  with  race,  nation  with  nation, 
language  with  language,  religion  with  religion,  and  social  castes  based 
on  occupation  and  on  economic  status  struggle  with  one  and  another 
for  pre-eminence,  apart  from  the  struggle  going  on  between  individuals 
and  groups  of  individuals  within  each  of  them.  Now,  if  in  each  of 
these  cases  the  struggle  were  not  complicated  by  the  other  straggles, 
we  might  contentedly  assert  that  natural  selection  leads  to  the  fittest 
always  succeeding.  But  a  defeated  and  subject  race  may  impose  its 
language,  its  civilization  or  its  religion  upon  its  conquerors ;  and  the 
apparent  failure  of  a  race  or  a  nation  does  not  entitle  us  at  once  to 
pronounce  it  inferior  or  less  fit,  because  its  failure  in  warfare  may  be 
the  prelude  to  a  greater  and  more  lasting  success  in  peace. 

On  the  other  hand  it  is  easy  to  see  how  the  pre-eminence  of  a 
caste,  based  either  on  race  or  on  occupation,  may  be  maintained  at 
the  cost  of  the  physical  and  intellectual  advance  of  its  members. 
Where  noble  may  marry  only  noble  and  where  marriages  are 
"arranged,"  as  the  phrase  runs  (more  truthful  than  most  of  those 
current  in  the  fashionable  world),  the  interests  of  the  health  and  of 
the  intelligence  of  the  race  may  be  sacrificed  to  the  maintenance  of 
a  closely  coherent  class  with  large  estates  and  social  predominance. 
Such  a  type  of  nobility  will  in  the  long  run  inevitably  lose  power 
owing  to  its  own  internal  decay  ;  but  superficially  plausible  arguments 
from  the  doctrine  of  heredity  are  occasionally  brought  forward  in  its 
favor.  The  democrat  is  often  told  that  he  is  very  unscientific ;  but 
the  evolutionist  who  points  to  the  aristocratic  preferences  of  history, 
errs  greatly  if  he  thinks  the  undoubted  pre-eminence  of  a  few  great 
individuals  and  even  of  a  few  famous  families  any  sound  argument  in 
favor  of  a  hereditary  aristocratic  caste.  Darwin,  as  we  have  already 
seen,  admits  that  the  nobility  in  this  country  have  a  certain  advantage 
in  being  able  to  select  their  wives  more  freely  than  most  other  men : 
yet,  allowing  their  superiority  in  this  matter  to  the  nobilities  of  other 
countries  and  rejoicing  that  the  institution  of  the  peerage  has  saved 
us  from  the  worse  calamity  of  a  "  nobility  "  in  the  proper  sense,  we 
may  be  permitted  to  regret  that  these  highly  privileged  persons,  the 
peers  and  the  peers'  eldest  sons  do  not  always  think  sufficiently  of 
their  responsibility  to  the  future  iu  the  selection  of  their  mates. 
Darwin,  as  we  have  also  seen,  inveighs  against  the  folly  of  primo- 
geniture :  so  that,  after  all,  even  the  English  nobility  do  not  get  much 
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countenance  from  the  theory  of  natural  selection.     It  is  strange  to 
find  the  doctrine  of  heredity  invoked  by  the  defenders  of  the  House  of 
Lords :  one  would  suspect  that  they  have  never  looked  into  Mr.  Gal- 
ton's  interesting  book.     It  is  instructive  to  notice  the  way  in  which 
half-understood  scientific  theories  are  misapplied  to  practical  matters. 
Mr.  Galton  declares  most  emphatically  that  he  looks  upon  the  peerage 
"as  a  disastrous  institution  owing  to  its   destructive  effects  on  our 
valuable  races."    If  an  eminent  man  is   elevated   to   the   House  of 
Lords,  his  eldest  son  is  tempted  to  marry  a  wealthy  heiress,  in  order 
to  keep  up  the  show  required  of  a  hereditary  legislator ;  but  wealthy 
heiresses  usually  tend  to  be  sterile,  being  the  last  representatives  of 
dwindling  families.     On  the  other  hand  owing  to  the  beautiful  British 
custom  of  primogeniture,  the  younger  sons  are  induced  to  remain 
unmarried :  and  thus  the  peerage  appears  to  be  an  ingenious  device 
for  hindering  the  propagation  of  talent.*     Further  Mr.  Galton  shows 
clearly  enough  the  absurdity  of  expecting  to  find  ability  transmitted 
through  a  long  line  of  descent :  the  older  a  man's  family,  therefore, 
the  less  likely  is  he  to  have  inherited  any  of  the  ability  of  its  founder. 
I  suppose  there  is  still  a  pious  Conservative  superstition  that  "  our 
old  nobility  "  can   boast  of  its  "Norman  blood" — a  belief  which  a  crit- 
ical examination  of  a  recent  copy  of  the  "  Peerage  "  would  do  a  good 
deal  to  weaken.     But  even  supposing  the  Norman  blood  were  there, 
does  it  follow   that  it  is   now  particularly   worth   having?      "It  is 
curious  to  remark,"  says  Mr.  Galton,  "how  unimportant  to  modern 
civilization  has  become  the  once  famous  and   thoroughbred  looking 
Norman.     The  type  of  his  features,  which  is,  probably,  in  some  degree 
correlated  with  his  peculiar  form  of  adventurous  disposition,  is  no 
longer  characteristic  of  our  rulers,  and  is  rarely  found  among  celebri- 
ties of  the  present  day ;  it  is  more  often  met  with  among  the  undis 
tinguished  members  of  highly-born  families,  and  especially  among  the 
less  conspicuous  officers  of  the  army."f    I  have  not  yet  raised  the 
question  as  to  what  kind  of  characteristics  can  be  transmitted  from 
generation  to  generation  and  in  what  way :  I  have  only  tried  to  show 
that  the  scientific  doctrine  of  heredity  is  a  very  treacherous  ally  of  the 
defenders  of  aristocratic  privilege. 

The  doctrine  of  Evolution  gives  little  support  to  the  aristocratic 
Conservative.  It  may  seem  to  give  more  to  the  "laissez  faire" 
Eadical.  The  evolutionist  politician  is  more  likely  to  adopt  the  view 
that  in  the  interests  of  the  race  we  ought  to  remove  every  artificial 
restriction  on  the  operation  of  natural  and  sexual  selection.  But  the 
difficulty  is — where  are  we  to  find  a  line  between  "natural"  and 
"artificial,"  if  all  the  phenomena  of  society  are,  as  the  evolutionist  is 
bound  to  hold,  subject  to  the  same  laws  of  nature  ?  If  we  are  content 
to  remove  only  some  artificial  restrictions,  on  what  principle  can  we 

*  See  Gallon's  Hertditary  Genius  p.  140.  t  H>.  p.  348. 
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justify  ourselves  ?  If  we  are  to  remove  every  artificial  restriction  that 
hampers  the  struggle  for  existence,  are  we  not  going  back  to  Rous- 
seau's "  State  of  Nature,"  the  primitive,  uncivilized,  pre-social  condi- 
tion, of  mankind  ?  If  we  expect  the  "  State  of  Nature,"  to  be  better 
than  the  present  condition,  which  is  one  of  at  least  mitigated  or  incon- 
sistent anarchy,  are  we  not  falling  back  into  the  "metaphysical "  con- 
ception of  Nature  and  ignoring  the  scientific  conception  of  society  ? 
The  "  State  of  Nature,"  i.  e.,  the  unsocial  state,  is  more  correctly 
described  by  Hobbes  as  "  the  war  of  all  against  all."  On  the  other 
hand,  when  we  find  the  more  tender-hearted  preacher  of  evolutionist 
morality  pointing  out  that,  though  the  physical  well-being  of  the  race 
may  have  suffered  through  the  mitigation  of  the  primitive  struggle  and 
the  consequent  preservation  of  weaklings,  we  have  gained  some  intel- 
lectual advance  through  the  occasional  chance  of  a  Newton  and  a 
moral  advance  through  the  cultivation  of  sympathy  and  tenderness,* 
in  such  a  position  is  there  not  some  inconsistency,  some  sacrifice  of 
natural  selection  in  favor  of  human  selection  consciously  or  half- 
consciously  directed  to  other  ends  than  those  of  mere  nature? 
Our  attention  is  thus  called  to  another  factor  in  that  universal 
strife  which  is  the  story  of  the  universe.  So  soon  as  a  suf- 
ficient social  development  and  a  sufficiently  advanced  type  of  lan- 
guage make  it  possible,  there  begins  a  competition  between  idea*. 
The  age  of  conflict  is,  in  Bagehot's  phrase,  f  succeeded  by  "  the  age  of 
discussion,"  and  the  ideas,  which  rise  in  the  minds  of  men  with  the 
same  tendency  to  variation  that  we  find  throughout  nature,  compete 
with  one  another  for  sustenance  and  support.  The  conception  of 
natural  selection  may  foe  applied  here  also  to  explain  how  certain 
ideas  come  to  obtain  that  relatively  fixed  and  definite  character  which 
belongs,  for  instance,  to  the  moral  principles  currently  accepted  within 
a  community  at  any  given  time.  Thus  such  ideas  as  patriotism, 
respect  of  human  life  as  such,  self-control  in  regard  to  the  bodily 
appetites,  have  won  their  way  so  as  to  become  factors  in  the  struggle 
and  to  conflict  with  the  operation  of  natural  selection  as  this  prevails 
among  the  mere  animals.  Why  then  may  not  such  ideas  as  Equality 
and  Fraternity  claim  to  have  a  fair  chance  in  the  struggle  for  exist- 
ence f  If  they  can  win  possession  of  more  and  more  minds  in  the 
world,  they  will  become  actual  influences  on  conduct  and  will  from 
being  mere  ideals  tend  to  bring  about  their  own  realization.^  "Opin- 
ions," said  Lord  Palmerston,  "are  stronger  than  armies."  One  of 
the  first  conditions  of  any  institution  being  altered  is  that  people 
should  come  to  imagine  it  as  conceivably  altered.  The  great  difficulty 
of  the  reformer  is  to  get  people  to  exert  their  imagination  to  that 
extent. 

*  E.  Clodd  Story  of  Creation,  p.  111.  t  Fkylia  and  PoUOct. 

I  Cp.  FouillSe  La  Science  Social*  Contemportnne,  p.  xlL,  to. 
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Now  what  does  all  this  amount  to  except  to  a  recognition  of  the 
difference  introduced  into  natural  evolution  by  the  appearance  of 
consciousness?  I  shall  not  now  attempt  to  work  out  all  the  philo- 
sophical implications  involved  in  this  recognition  of  consciousness : 
nor,  in  order  to  show  how  through  consciousness  man  becomes  free 
from  the  tyranny  of  nature,  shall  I  quote  the  words  of  any  one  whose 
evidence  might  be  suspected  because  he  might  be  called  a  mere  meta- 
physician. I  shall  quote  the  words  of  a  witness  whom  no  scientific 
man  would  reject — Prof.  Huxley : — 

"Society  like  art  is  a  part  of  nature.  But  it  is  convenient  to 
distinguish  those  parts  of  nature  in  which  man  plays  the  part  of 
immediate  cause  as  something  apart ;  and,  therefore,  society,  like  art, 
is  usefully  to  be  considered  as  distinct  from  nature.  It  is  the  more 
desirable,  and  even  necessary,  to  make  this  distinction,  since  society 
differs  from  nature  in  having  a  definite  moral  object ;  whence  it  comes 
about  that  the  course  shaped  by  the  ethical  man — the  member  of 
society  or  citizen — necessarily  runs  counter  to  that  which  the  non- 
ethical  man — the  primitive  savage,  or  man  as  a  mere  member  of  the 
animal  kingdom — tends  to  adopt.  The  latter  fights  out  the  struggle 
for  existence  to  the  bitter  end,  like  any  other  animal ;  the  former 
devotes  his  best  energies  to  the  object  of  setting  limits  to  the 
struggle. 

"  The  history  of  civilization — that  is  of  society — is  the  record  of 
the  attempts  which  the  human  race  has  made  to  escape  from  this 
position  [i.  e.,  the  struggle  for  existence  in  which  those  who  were  best 
fitted  to  cope  with  their  circumstances,  but  not  the  best  in  any  other 
sense,  survived].  The  first  men  who  substituted  the  state  of  mutual 
peace  for  that  of  mutual  war,  whatever  the  motive  which  impelled 
them  to  take  that  step,  created  society.  But  in  establishing  peace, 
they  obviously  put  a  limit  upon  the  straggle  for  existence.  Between 
the  members  of  that  society,  at  anyrate,  it  was  not  to  be  pursued  d 
entrance.  And  of  all  the  successive  shapes  which  society  has  taken, 
that  most  nearly  approaches  perfection  in  which  war  of  individual 
against  individual  is  most  strictly  limited."* 

Professor  Huxley  then  goes  on  to  show  how  the  struggle  for 
existence  appears  in  a  new  form  through  the  zealous  fulfillment  of 
what  we  are  told  was  the  first  commandment  given  to  man — "Be 
fruitful  and  multiply."  But,  instead  of  arguing,  as  before,  that  the 
further  history  of  civilization  must  consist  in  putting  a  limit  to  this 
new  economic  struggle,  he  avoids  drawing  any  such  inference,  and 
very  lamely  concludes  that  we  must  establish  technical  schools. 
These  are  most  desirable  and  necessary  institutions,  but  they  might 
fulfill  some  better  purpose  than  what  he  proposes — which  is  simply 
to  sharpen  our  claws  that  we  may  fight  our  neighbors  the  more  fiercely 
and  destroy  them  the  more  successfully.  Let  us  be  grateful,  how- 
ever, to  Professor  Huxley  for  the  scientific  conclusions  which  he  has 

*  Art.     "  The  Struggle  for  Existence  "  in  Nineteenth  Century  Feb.  1888.  pj>.  164. 108. 
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drawn.  As  practical  premises  they  will  serve  us  for  a  wider  syllogism 
than  he  ventures  to  construct.  It  is  the  same  with  Strauss.  In 
spite  of  his  excessive  conservatism  in  practical  matters,  this  is  the 
way  in  which  he  formulates  in  general  terms  the  "  Rule  of  Life  :" — 

"Ever  remember  that  thou  art  human,  not  merely  a  natural  pro- 
duction; ever  remember  that  all  others  are  human  also,  and,  with  all 
individual  differences,  the  same  as  thou,  having  the  same  needs  and 
claims  as  thyself :  this  is  the  sum  and  substance  of  morality." 

"In  man  Nature  endeavored  not  merely  to  exalt,  but  to  transcend 
herself.  He  must  not  therefore  be  merely  an  animal  repeated;  he 
must  be  something  more,  something  better." 

"  Man  not  only  can  and  should  know  Nature,  but  rule  both 
external  Nature,  so  far  as  his  powers  admit,  and  the  natural  within 
himself."* 

It  is  unnecessary  to  raise  the  question  how  consciousness  makes 
its  appearance.     It  is  enough  that  human  beings  are  not  only  engaged 
in  the  struggle  for  existence,  but  know  that  they  are  so  engaged,  are 
capable  of  looking  round  on  what  they  are  doing,  of  reflecting,  of 
comparing  results  and  considering  some  good,  some  bad,  some  to  be 
desired  and  others  to  be  avoided.     If  we  distinguish — as   Professor 
Huxley  says  it  is  convenient  to  do — between  man  and  nature,  then  it 
is   of  extreme  importance  to  us  to  discover  the  natural  laws  which 
operate  in  society,  but  it  does  not  follow  that  we  owe  them  any  alle- 
giance.    They  are  "  laws  "  simply  in  the  sense  of  being  generalizations 
from  experience  of  facts  or  hypotheses  by  which  we  find  it  possible  to 
make  the  facts  more  intelligible   to  ourselves :  and  it  is  the  merest 
ambiguity  of  language  that  leads  to  the  argument  that  what  can  be 
called  "  an  economic  law  "  has  any  claim  upon  our  reverence.     It  may 
tell  us    something   convenient   or  something  inconvenient ;    but   of 
itself  it  is,  like  nature,  absolutely  non-moral. 

On  the  other  hand  if  we  use  Nature  (with  a  very  big  N)  to  include 
all  that  goes  on  in  human  society,  human  institutions  and  human 
ideas  must  be  included  in  this  conception  of  Nature :  else  the  scien- 
tific sociologist  is  assuming  a  supernatural,  or  infranatural,  region 
outside  human  society.  Governments  are  natural  products  and  it  is 
inconsistent  in  Mr.  Herbert  Spencer,  while  telling  us  that  the  maxim 
"  Constitutions  are  not  made  but  grow  "  has  become  a  truism,  to  go 
on  to  blame  governments  simply  because  they  "  interfere "  with 
natural  laws.  Why,  such  "  interferences  "  would  on  his  own  princi- 
ples amount  to  a  miracle  I  The  real  and  significant  distinction  is  not 
that  between  "  State- interference  "  and  "  laissez  faire, "  but  between 
intelligent  and  scientific,  i.  e.,  systematic  and  far-sighted  State-action 
on  the  one  side  and  that  peddling  kind  of  playing  at  an  occasional  and 
condescending  providence  in  small  matters,  which  is  often  much  worse 

t  Tht  Old  faith  and  the  Nno.    Eng.  Transl.  11.  pp.  54,  57.  58.  (i*c».  70.  71  -  «ec«.  74.  76  in  Ctar- 
man  edit.  1875.) 
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than  doing  nothing  at  all.  The  State  which  "  protects  "  a  few  indus- 
tries and  doles  out  its  alms  to  a  multitude  of  paupers  is  only  yet  half 
conscious  of  its  functions  and  may  be  doing  unmitigated  evil,  except 
in  so  far  as  it  is  performing  some  interesting  but  rather  cruel  experi- 
ments for  the  benefit  of  sociological  students.  "Protection"  and  a 
bad  poor-law  (i.  e.,  any  mode  of  relief  which  breeds  pauperism  instead 
of  diminishing  it)  are  just  the  kinds  of  State-action  which  have 
brought  all  State-action  into  disrepute  and  make  the  arguments 
against  it  plausible.  There  are,  however,  many  cases  where  the  argu- 
ments against  a  partial  State-action  cease  to  hold  against  the  same 
action  if  made  more  thoroughgoing,  e.  g.,  giving  free  education  to 
some  children  maybe  objected  to  as  paupSL^sing:  free  education  as 
the  right  of  all  would  make  none  paupers.  Yet  even  a  partial  State- 
action  may  be  gladly  accepted,  as  a  recognition  that  the  State  has 
duties  towards  its  weaker  members,  however  inefficiently  it  may  dis- 
charge them. 

The  capacity  for  thinking  constitutes  man's  freedom.  It  is  by 
thinking  alone  that  he  can  rise  above  the  position  of  nature's  slave. 
This  does  not  amount  to  asserting  the  foolish  dogma  of  arbitrary 
"free  will" — as  if  every  human  being  were  always  equally  capable 
of  choosing  between  any  given  course  and  its  opposite — a  dogma 
which  is  not  only  foolish,  but  mischievous,  for  it  leads  to  the  neglect 
of  the  way  in  which  individual  characters  depend  on  their  environ- 
ment, and  to  the  consequent  neglect  of  the  moral  importance  of 
political  and  social  institutions.  Ideas  are  themselves  the  outcome  of 
institutions:  and  yet  they  constitute  a  factor  that  must  be  taken 
account  of,  if  we  are  to  form  an  adequate  conception  of  social 
evolution. 

What  is  effected  by  conscious  effort  is  not  necessarily  in  antago- 
nism to  what  was  going  on  in  the  unconscious  stage.  More  often  it  is  a 
continuation,  an  extension,  an  acceleration  of  a  process  already 
begun.  In  the  higher  organisms,  even  apart  from  consciousness,  there 
is,  at  least  according  to  Mr.  Spencer's  generalization,  less  waste  than 
in  the  lower.  Thus  the  plants  that  are  fertilized  by  insects  produce 
fewer  pollen  grains  than  those  which  have  no  conspicuous  flowers. 
Those  which  have  fruits  that  are  attractive  to  birds  produce  fewer 
seeds  than  cryptogamous  plants  whose  germs  fill  the  air  in  countless 
myriads.  The  great  mortality  of  savage  life  and  the  prevalence  of 
infanticide  are  similar  instances  of  waste  which  disappear  more  or  less 
at  higher  stages  in  social  evolution.  It  is  very  easy  for  the  historian  to 
show  how  much  service  has  been  rendered  to  mankind  by  fierce  strug- 
gles, by  war,  civil  dissension,  economic  competition.  But  does  it 
therefore  follow  that  equally  good  ends  can  never  be  attained  at  less 
cost  ?  Strauss  insists  that  it  is  as  impossible  to  abolish  war,  as  to 
abolish  thunder-storms.  To  argue  thus  is  to  proceed  like  certain 
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Indians  who  are  said  to  cut  down  the  fruit  tree  when  they  wish  to 
pluck  the  fruit,  or  like  Charles  Lamb's  Chinaman  who  burnt  down 
his  house  every  time  he  wanted  to  enjoy  the  luxury  of  roast  pig.  Are 
we  to  have  so  much  more  faith  in  the  blind  passions  of  human  nature 
than  in  what  can  be  done  by  conscious  effort?  With  these  blind  pas- 
sions we  must  reckon,  as  with  other  forces  in  nature  ;  but  there  is  no 
reason  why  we  should  accord  to  them  any  special  prestige,  simply 
because  they  are  natural.  They  are  to  be  used  or  to  be  defeated  accord- 
ing as  our  thinking  decides. 

"War  is  "natural"  only  in  the  sense  of  being  the  primitive  form  of 
the  struggle  between  races  and  nations,  not  in  the  sense  of  something 
which  ought  to  be.  It  has  indeed  contributed  greatly  to  nation-mak- 
ing and  to  the  development  of  the  primitive  virtues  of  courage  and 
fidelity.  Those  tribes  that  were  the  bravest  and  the  most  coherent 
have  been  the  most  successful  iu  the  struggle  for  existence,  and  so 
these  virtues  have  come  to  receive  special  respect.  But  let  us  notice 
with  what  limitations — courage  was  limited  to  the  courage  shown  in 
the  battle  field,  fidelity  was  limited  to  fidelity  towards  one's  own  tribe. 
"When  reflection  begins,  and  when  imagination  is  developed,  the  sphere 
of  courage  and  fidelity  comes  to  be  extended,  at  least  in  the  minds  of 
some  of  tne  more  reflective  and  sympathetic  individuals.  It  is  pre- 
cisely in  this  way  that  moral  ideas,  which  are  the  product  of  social 
evolution,  come  to  be  capaible  of  advance  and  progress.  Customs — and 
customs  are  laws  in  their  primitive  form — are  habits  regarded  as  right, 
because,  having  been  adopted,  they  have  proved  conducive  to  the  well- 
fare  and  success  of  the  tribe  or  nation ;  but  customs  tend  to  survive 
long  after  the  circumstances  which  called  them  into  being  have 
changed.  If  they  become  very  hurtful,  the  people  maintaining  them 
will  in  the  long  run  suffer  in  the  struggle  with  nature  or  with  other 
nations  which  have  better  customs,  i.e.,  customs  more  favorable  to  suc- 
cess ;  but  it  is  a  gain  to  a  people  if  its  more  far-sighted  members 
discern  the  hurtfulness  of  a  custom  in  time,  and  persuade  or  force 
their  fellows  to  discard  it  before  it  is  too  late.  This  is  in  all  ages  the 
function  of  the  political,  religious,  or  social  reformer — to  save  his 
people  from  destruction  or  decay  by  inducing  them  to  change  a  custom 
which,  however  beneficial  once,  and  in  some  respects,  has  now  become 
mischievous.  Such  attempts  imply  no  contradiction  to  the  principle 
of  modification  by  natural  selection,  but  are  themselves  an  illustration 
of  it.  Suppose  an  animal,  whose  ancestors  lived  on  the  land,  takes  to 
the  water  (or  vice  versa)  because  circumstances  have  changed,  or  in 
order  to  escape  from  excessive  competition  ;  it  may  succeed  better. 
When  Themis  tocles  made  the  Athenians  into  a  naval  power,  this 
change  was  a  quite  analogous  phenomenon.  The  difference  is,  that 
what  Darwin  called  (confessedly  as  a  mode  of  expressing  ignorance) 
the  '"  spontaneous  "  variation  in  the  habits  of  the  animal  is  supplanted 

by  the  deliberate  adoption  of  a  new  habit  among  human  beings. 
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Now  among  all  the  more  advanced  societies  we  find  this  conscious, 
deliberate  adaptation  supplanting  the  unconscious  and  spontaneous, 
though  in  the  beginnings  of  the  most  successful  institutions  there  is 
generally  a  very  large  element  of  unconsciousness  in  the  procedure. 
Thus  the  great  discovery  of  representative  government,  which  consti- 
tutes the  chief  difference  between  ancient  and  modern  politics,  which 
has  made  it  possible  for  democracy  to  exist  without  slavery,  and 
which  has  made  ib  possible  for  large  states  to  possess  free  institutions, 
came  about  mainly  because  Englishmen  felt  it  inconvenient  to  attend 
personally  when  the  King  wished  to  raise  money:  an  irksome  duty 
was  readily  transferred  to  others.*  But  representative  government, 
as  maintained  by  civil  war  in  the  seventeenth  century,  and  represen- 
tative government  as  imitated  in  all  the  most  advanced  nations  of  the 
world,  is  something  consciously  and  deliberately  chosen.  It  is  a 
farther  and  more  complex  application  of  the  convenient  principle  of 
"  counting  heads  to  save  the  trouble  of  breaking  them."  Federation, 
in  its  modern  sense,f  is  a  still  farther  and  still  more  complex  applica- 
tion of  the  same  principle,  though  Strauss,  with  the  prejudices  of  a 
German  monarchist,  thinks  a  federal  state  inferior  to  a  nation.  We 
may  feel  dissatisfied  enough  with  what  representative  institutions  still 
are,  even  at  their  best  and  when  honestly  worked  ;  but  we  should  be 
indulging  in  a  foolish  paradox  if  we  did  not  see  that  any  such  institu- 
tions are  better  than  their  absence,  because  of  the  possibilities  they 
contain.  Yet  could  any  political  thinker  of  the  ancient  world  have 
believed  such  institutions  possible?  Would  he  have  believed  it  pos- 
sible for  free  citizens  to  delegate  their  functions,  even  for  a  time 
without  surrendering  their  democratic  freedom?!  One  can  see  in 
Strauss's  book  how  little  understanding  the  cultured  German  may 
still  have  of  this  great  condition  of  political  advance.  § 

Does  not  this  introduction  of  representative  government,  which 
has  solved  and  will  solve  many  problems,  however  many  it  leaves 
unsolved,  hold  out  the  promise  that  similar  good  may  be  done  by 
the  substitution  of  some  more  intelligent  methods  for  military  and 
industrial  competition  ?  International  arbitration  and  economic  co- 
operation are  as  yet  small  beginnings,  but  not  smaller  than  the  first 
germs  of  representative  government.  So  far  as  we  have  yet  got, 
neither  arbitration  nor  co-operation  have  done  for  society  what  their 
advocates  hoped,  but  they  may  be  the  first  "  variations,"  which,  if 
they  prove  their  fitness,  will  bring  into  being  a  new  species  of  civil- 
ized society. 

*  See  Hearn  Government  of  England,  2nd  Edit.,  pp.  466  ff . 

1 1  add  this  qualification,  because  the  Federations  of  ancient  hlgtory  appear  not  to  hare 
recognized,  except  in  rudimentary  form,  the  prinoiple  of  representation,  and  thus  belonged  to  * 
lower,  not  a  higher,  type  of  Bociety  than  the  city-state. 

t  In  enumerating  the  different  kinds  of  oligarchy,  Aristotle  gives  what  is  practically  a  defini- 
tion of  representative  government  (Pol.  IV.  14  §  8, 129H  a  40) ;  but  this  is  merely  put  forward  as  a 
logical  possibility.  At  least  ho  gives  no  example,  and  this  slight  naming  is  the  clearest  proof 
of  the  absence  of  the  id'a  from  the  mind  of  the  greatest  political  thinker  of  antiquity. 

I  Tht  Old  Faith  and  the  New,  sec.  81  (German  ed.  1875)  —  sec.  77  Kng.  Tr. 
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Mr.  Herbert  Spencer  considers  that  there  are  only  two  main  types 
of  society,  the  militant  and  the  industrial :  and  in  industrialism  he 
comprehends  an  absolute  system  of  laissez  faire,  the  extreme  of 
individualism.  It  is  strange  that  he  should  not  see  that  the  economic 
struggle  is  only  a  phase  of  the  oldest  form  of  the  struggle  for  exist- 
ence— the  struggle  between  individuals  for  subsistence,  and  that  it 
therefore  belongs  to  a  lower  type  than  the  struggles  between  organ- 
ized communities,  where  a  strict  organization  mitigates  the  internal 
strife.  It  is  difficult  to  see  whence  Mr.  Spencer  and  his  followers 
derive  their  ardent  faith  in  a  beneficent  result  from  this  struggle, 
unless  it  be,  as  already  suggested,  from  an  inconsistent  survival  of  the 
old  theological  optimism  or  the  metaphysical  idea  of  Nature. 

But,  it  might  be  objected,  the  economic  struggle  is  not  unmiti- 
gated, for  industrial  competition  is  carried  on  amongst  enlightened 
and  educated  people,  who  will  consider  one  another  and  develop  their 
altruistic  tendencies,  though  not  in  excess.  Yet  so  fearful  is  Mr. 
Spencer  of  the  interference  of  the  State  with  his  social  aggregate  of 
warring  atoms,  that  he  will  not  hear  of  any  education  except  what 
each  family  provides  for  its  own  members — a  return  to  the  patriarchal 
or  "  Cyclopic  "  type  of  society — or  what  can  be  provided  by  free  com- 
petition between  private  teachers,  who  will  run  the  educational  busi- 
ness on  strict  commercial  principles.  Thus  I  am  afraid  the  educational 
influences  to  which  he  looks  will  not  operate  rapidly.  But  why,  it 
will  be  said,  not  trust  to  the  spread  of  kindlier  feelings  among  individ- 
uals to  mitigate  the  harshness  of  inevitable  natural  laws  ?  Why  bring 
in  the  ponderous  machinery  of  legislation  ?  Why  crystallize  customs 
into  codes,  voluntary  associations  into  definite  political  institutions'? 

I  have  already  referred  to  the  mischief  and  danger  that  may  arise 
from  customs  which  have  outlived  their  use ;  but  fixed  customs,  as 
Bagehot  has  so  admirably  pointed  out,*  are  essential  in  keeping 
society  together,  and,  as  all  scientific  students  of  ethics  have  come  to 
see,  morality  is  dependent  upon  institutions.  We  may  have  to  fight 
against  custom  to  get  a  hearing  for  new  ideas  ;  but  we  must  make  use 
of  custom  to  get  them  realized.  Ideas  can  only  be  productive  of  their 
full  benefit,  if  they  are  fixed  in  institutions.  We  cannot  build  up  any- 
thing on  a  mere  shifting  basis  of  opinion.  This  principle  is  equally 
applicable  to  the  removal  of  old  wrongs  and  to  the  introduction  of  new 
rights.  Many  liindly  and  enlightened  persons  here  and  there  felt  the 
evil  of  slavery,  but  their  views  were  mere  isolated  private  opinions  till 
slavery  was  abolished  by  legal  enactment  in  one  country  after  another 
throughout  the  civilized  world.  Highly  respectable  and  pious  people 
in  the  last  century  had  no  objection  even  to  the  slave-trade.  Now  that 
slavery  has  been  officially  buried,  it  has  not  many  friends  left  to  shed 
tears  over  its  grave.  Certain  eccentric  individuals  were  disposed  to 

*  Fttymet  tmd  Politia.  No.  8  Humboldt  Library. 
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favor  religious  toleration  in  the  sixteenth  and  seventeenth  centuries. 
But  even  those  who,  being  inclined  to  heresy  themselves,  like  John 
Milton  and  John  Locke,  extended  the  bounds  of  liberty  pretty  far,  had 
very  distinct  limits  beyond  which  they  would  not  go.  There  is  always 
the  risk  of  an  outburst  of  the  persecuting  spirit,  even  in  communities 
that  are  not  as  a  rule  fiercely  fanatical.  Hence  a  great  step  is  gained 
when  in  any  country  it  is  expressly  and  officially  declared  that  distinc- 
tions of  creed  shall  make  no  difference  in  the  rights  of  citizens.  It  is 
often  argued  that  the  possession  of  the  suffrage  is  of  very  infinitesimal 
value  to  the  poor  man  and  will  do  very  little  good  to  the  poor  woman 
when  she  gets  it.  What  is  a  vote  to  those  who  are  in  want  of  bread  ? 
A  vote  is  not  merely  an  occasional  and  indirect  means  of  exerting  a  small 
fraction  of  political  influence,  but,  what  is  much  more  important,  it  is  a 
stamp  of  full  citizenship,  of  dignity  and  of  responsibility.  It  is  a  dis- 
tinct mark  that  the  possessors  of  it  can  no  longer  be  systematically 
ignored  by  governments  and  can  no  longer  shirk  the  duty  of  thinking 
about  public  and  common  interests.  The  slaves  of  a  kindly  master,  the 
subjects  of  a  kindly  tyrant  or  ruling  caste  may  be  very  comfortable 
animals :  but  the  master  or  tyrant  may  become  unkindly  or  impotent, 
and  the  poor  wretches  who  have  been  dependent  on  him  suffer  without 
being  able  to  help  themselves.  It  is  always  much  easier  to  ignore  an 
unuttered  or  feebly  uttered  claim  than  to  revoke  a  right  once  granted. 
The  same  remark  applies  to  the  acquisition  of  representative  institu- 
tions by  a  country  or  a  locality :  it  marks  a  step  gained  which  is  not 
likely  to  be  lost.  Few  persons,  at  least  in  this  country,  care  so  very 
much  for  the  abstract  advantage  of  a  republic  over  a  monarchy.  A 
nominal  republic  may  be  less  democratic  than  a  nominal  monarchy : 
and  to  change  a  state  into  a  republic  might  in  some  cases  be  grasping 
the  shallow  and  letting  the  substance  go.  But  a  republic  has  at  least 
this  advantage,  that  it  does  not  call  the  sovereign  power  by  the  name 
of  a  person  or  dynasty,  but  proclaims  it  before  all  the  world  "  the 
common- wealth."  "Noblesse  oblige :"  and  a  republic  sets  up  a  higher 
standard  of  political  morality  and  thus  deserves  to  be  more  harshly 
judged,  if  it  falls  short  even  of  a  monarchy  and  imitates  in  any  way 
the  follies  and  vices  that  are  hardly  avoidable  where  there  is  a  royal 
court. 

Another  reason,  why  ideas  should  be  embodied  in  institutions,  is 
that  institutions  exert  so  great  an  influence  upon  human  character— 
an  influence  sometimes  ignored  on  professedly  scientific  grounds. 
Perhaps  the  most  popularly  accepted  part  of  the  evolution  theory  is 
the  doctrine  of  heredity ;  but  it  may  be  questioned  how  far  the  popu- 
lar view,  nay  even  the  view  of  many  who  have  been  trained  in  sci- 
ence, is  not  in  reality  the  survival  of  a  very  ancient  superstition,  the 
belief  in  an  inherited  family  destiny,  a  belief  which  was  the  natural 
product  of  a  time  when  the  family  or  tribe  was  tha  social  and  moral 
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tuiit.  Plato  in  the  Laws  (ix.  854)  professes  to  regard  robbers  of 
temples  as  persons  suffering  from  an  incurable  malady,  "a  madness 
begotten  in  a  man  from  ancient  and  unexpiated  crimes  of  bis  race, 
destroying  him  when  his  time  is  come."  Aristotle  uses  the  idea  to 
make  a  quiet  professorial  joke,  when  he  is  speaking  about  certain 
abnormal  moral  tendencies :  he  tells  of  the  man  who  excused  himself 
for  beating  his  father  by  saying  that  it  was  an  inherited  practice  in 
his  family  for  the  son  to  beat  the  father,  and  of  another  family  in 
which  the  sons  used  to  drag  their  father  to  the  door  but  no  further. 
(Eth.  NIG.  vii.  6  §  2).  There  is  indeed  a  singular  fascination,  horrible 
at  times  as  it  may  be,  in  the  idea  that  the  experiences  of  ancestors 
survive  as  the  feelings  of  the  descendants ;  but  a  great  part  of  the 
prevalent  opinion  about  heredity  seems  to  be  only  mythology  or 
fiction  masquerading  as  science.  Of  course  one  who  is  not  a  biologist 
has  no  right  to  a  private  opinion  in  a  biological  controversy.  But  one 
must  feel  a  keen  interest  in  the  discussion  at  present  going  on,  as  to 
whether  acquired  characteristics  are  transmitted  or  not.  The  negative 
opinion  is  certainly  on  the  increase,  i.  e.,  the  Lamarckian  doctrine  is 
tending  to  disappear  from  the  evolution  theory  and  the  Darwinian 
principle  of  natural  selection  acting  upon  "  spontaneous  "  variations 
is  coming  to  be  accepted  as  the  sol*  factor  in  organic  evolution. 
"  Use  and  disuse "  seem  at  first  sight  so  much  easier  to  understand 
than  "natural  selection,"  that  it  will  probably  be  some  time  before 
they  lose  their  hold  on  the  imagination.  The  temptation  undoubtedly 
is  to  discuss  the  question  at  once  in  its  application  to  human  beings, 
but  it  can  be  more  safely  discussed  with  regard  to  the  lower  animals, 
both  because  the  opportunities  of  experiment  are  better  and  because 
there  is  less  risk  of  bias  in  forming  inferences.  In  the  case  of  human 
beings  it  is  so  very  difficult  to  distinguish  what  is  due  to  inheritence 
in  the  restricted  sense  of  race-influence  from  what  is  due  to  imitation, 
early  training,  &c.,  which  constitute  inheritence  certainly — but  in  a 
wider  and  a  sociological,  not  a  merely  biological,  sense.  When  people 
point  to  the  remarkable  way  in  which  children  resemble  their  parents, 
they  are  apt  to  forget  that  children  as  a  rule  are  not  merely  the 
children  of  their  parents  but  spend  all  their  earliest  years  with  their 
parents.  Even  where  a  parent  is  dead,  the  child  is  told  of  his  or  her 
habits  and  ways  of  thought,  and  unconscious  imitation  of  a  father  or 
mother,  whose  memory  is  regarded  as  something  sacred,  may  account 
for  a  great  deal.  Mr.  Galton  in  his  work  on  Hereditary  Genius 
admits  that  his  investigations  altogether  suffer  from  the  defect  that 
there  is  so  great  a  "  lack  of  reliable  information  "  about  the  peculiari- 
ties of  females  (p.  63).  We  shall  have  to  wait  till  public  careers  are 
more  abundantely  open  to  women  before  much  can  be  learnt  from 
family  pedigrees.  It  is  certainly  striking  that,  in  the  two  sets  of 
cases  where  Mr.  Galton  considers  the  maternal  influence  to  be  strong, 
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viz.,  in  the  case  of  scientific  men  and  in  the  case  of  pious  divines,  (pp. 
196,  276)  his  own  explanation  turns  upon  influence  in  early  years  and 
not  upon  mere  birth.  The  clever  mother  encourages  and  does  not 
discourage  the  inquiring  child ;  the  pious  mother,  if  she  manages  to 
influence  her  son  at  all,  directs  all  his  thoughts  and  emotions  into  one 
channel.  It  seems  very  doubtful  whether,  except  in  fairy  tales  or 
romances,  the  child  brought  up  away  from  its  parents  and  in  complete 
ignorance  of  them  (for  this  also  is  essential  to  a  fair  experiment)  would 
present  any  of  their  moral  characteristics  in  a  definite  form.  May  we 
say  that  a  certain  amount  of  psychical  energy  is  inherited  but  the  direc- 
tion it  takes  is  mostly  determined  by  circumstances? — though  we 
must  admit  that  it  may  be  of  a  kind  which  more  readily  takes  to 
certain  occupations  than  to  others.  Individuals  start  with  inherited 
tendencies  or  capacities  (<pv<SiKal  Swattei?,  op/tai),  not  with  fully- 
formed  Jiabits  (a.(pGopt<5/j.evai  ??ezs)  An  energetic  or  an  apathetic 
temperament,  a  cool  or  a  nervous  temperament  is  transmitted ;  but  it 
seems  very  doubtful  how  far  mere  inheritence  goes  beyond  that, 
apart  from  th%  external  influences  in  early  life,  which  generally  act 
along  with  it.  As  we  see  so  often,  the  son  of  people,  who  have  pushed 
themselves  up  in  the  world  and  made  their  fortune,  may  inherit  the 
energy  of  his  ancestors  but  not  their  business  habits  and  so  he  may 
only  go  to  the  devil  more  vehemently  than  others,  who  come  of  a  race 
longer  accustomed  to  prosperity  and  who  get  an  early  training  in  the 
more  elegant  squandering  of  wealth. 

On  this  subject  of  heredity,  though  Darwin  was  too  modest  to 
urge  his  own  discovery  of  natural  selection  to  its  full  length,  he  is 
much  more  cautious  in  his  statements  than  many  who  are  fond  of 
using  his  name.  In  his  Autobiography,  it  is  true,  he  says  : — "I  am 
inclined  to  agree  with  Francis  Galton  in  believing  that  education  and 
environment  produce  only  a  small  effect  on  the  mind  of  any  one,  and 
that  most  of  our  qualtities  are  innate."*  But  in  the  Descent  of  Man\ 
his  position  is  much  more  guarded  and  he  seems  generally  to  allow 
early  influence  to  account  for  more  than  inheritance,  in  respect  of 
virtuous  habits,  &c.  With  regard  to  himself  he  says  that  he  owed  his 
"humanity"  to  the  instruction  and  example  of  his  sisters. \  His 
statement  that  "  hand-writing  is  certainly  inherited "  seems  a  very 
doubtful  one.  §  In  his  Life  of  Erasmus  Darwin  ||  he  says  that  bis 
uncle  Charles  Darwin  "  inherited  stammering  "  from  his  father,  Eras- 
mus. "  With  the  hope  of  curing  him  his  father  sent  him  to  France 
when  about  eight  years  old,  with  a  private  tutor,  thinking  that 

*Life  and  Letters  I.  p.  22. 

te.j/.  On  p.  67  he  says: — "There  is  not  "the  least  inherent  improbability,  it  seems  to  me.  in 
virtuous  tendencies  being  more  or  leas  strongly  inherited."  This  is  a  rery  negative  and  cautious 
position. 

$  Life  and  Letter*  I.  p.  29.    "  I  doubt  indeed  whether  humanity  is  a  natural  or  innate  quality." 
g  Descent  of  Man  p.  4S.     He  refers  to  Variation  of  Animal*  and  Plant*  under  Domestication,  vol.   IL 
p.  6.  [See  I.  p.  449  in  edition  2]. 
II  p.  80,  quoted  in  Life  and  Letter*.  I.  p.  7 
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if  he  was  not  allowed  to  speak  English  for  a  time,  the  habit  of 
stammering  might  be  lost ;  and  it  is  a  curious  fact,  that  in  after  years, 
when  speaking  French,  he  never  stammered."  Is  not  this  "curious 
fact"  an  instantia  crucis  which  proves  that  his  stammering  was 
not  inherited?  If  it  had  been,  he  must  have  stammered  in  every 
language. 

The  lower  down  we  go  in  the  scale  of  animal  intelligence  the 
more  seems  due  to  inherited  instincts :  the  higher  we  go  the  more  is 
due  to  imitation  and  to  the  training  rendered  possible  by  the  greater 
size  and  complexity  of  the  brain  and  necessary  by  the  prolongation  of 
infancy.  In  the  lower  animals  any  habit  which  is  useful  to  the 
preservation  of  the  species  can  only  be  transmitted  as  an  instinct.  In 
the  higher  animals  much  can  be  done  by  imitation  and  instruction. 
Among  human  beings  language  and  social  institutions  make  it  possible 
to  transmit  experience  quite  independently  of  the  continuity  of  race, 
so  that  even  if  a  family  or  a  race  dies  out  altogether,  its  intellectual 
and  moral  acquirements  and  culture  are  not  necessarily  lost  to  the 
world.  An  individual  or  a  nation  may  do  more  for  mankind  by 
handing  on  ideas  and  a  great  example  than  by  leaving  numerous 
offspring.  Darwin  himself  fully  admits  this : — 

"  A  man  who  was  not  impelled  by  any  deep  instinctive  feeling  to 
sacrifice  his  life  for  the  good  of  others,  yet  was  roused  to  such  action 
by  a  sense  of  glory,  would  by  his  example  excite  the  same  wish  for 
glory  in  other  men,  and  would  strengthen  by  exercise  the  noble 
feeling  of  admiration.  He  might  thus  do  far  more  good  to  his  tribe 
than  by  begetting  offspring  with  a  tendency  to  inherit  his  own  high 
character."  (Descent  of  Man.  p.  132). 

"Great  lawgivers,  the  founders  of  beneficent  religions,  great 
philosophers  and  discoverers  in  science,  aid  the  progress  of  mankind  in 
a  far  higher  degree  by  their  works  than  by  leaving  a  numerous 
progeny."  (ib.  p.  136). 

What  Darwin  says  here  of  the  greatest  of  men  is  also  in  a  less  degree 
true  of  men  generally.  Most  certainly  we  "  inherit "  from  those  who 
have  gone  before  us  :  but  the  "  inheritance  "  in  any  advanced  civiliza- 
tion is  far  more  in  the  intellectual  and  moral  environment — in  the 
spiritual  air  we  breathe,  rather  than  in  the  blood  that  runs  in  our 
veins. 

Mr.  Galton's  investigations  on  heredity  do  not  seem  to  commit 
him  to  the  Lamarckian  or  Spencerian  view  that  acquired  intellectual 
or  moral  characteristics  are  inherited :  and,  as  we  have  already  seen, 
he  in  some  cases  fully  recognizes  how  much  the  environment  of  the 
individual  in  early  years  affects  his  course  in  life.  But  it  cannot  be 
denied  that  Mr.  Galton  seems  to  lend  countenance  to  a  sort  of  fatalism 
about  the  influence  of  race,  and  to  a  too  contented  acquiescence  in 
existing  social  arrangements.  I  said  advisedly  "  seems ; "  because  I 
do  not  think  Mr.  Galton's  book  is  quite  as  comforting  to  the  opponents 
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of  change,  if  they  come  to  read  it  carefully  instead  of  merely  claiming 
its  authority  on  their  side.  Let  us  consider  a  few  passages  in  detail. 
"It  is  in  the  most  unqualified  manner  that  I  object  to  pretensions  of 
natural  equality.  ...  I  acknowledge  freely  the  great  power  of 
education  and  social  influences  in  developing  the  active  powers  of  the 
mind,  just  as  I  acknowledge  the  effect  of  use  in  developing  the 
muscles  of  a  blacksmith's  arm,  and  no  further."  There  is  a  definite 
limit  to  the  muscular  [and  intellectual]  power  of  every  man,  which  he 
cannot  by  any  education  or  exertion  overpass.  (Hereditary  Genius. 
p.  14).  If  this  is  the  dictum  of  science,  it  might  seem  for  a  moment 
to  deal  a  fatal  blow  to  the  aspirations  of  democracy.  But  does  it? 
Equality,  we  need  to  be  reminded,  is  not  a  fact,  but  an  ideal — some- 
thing at  which  we  have  to  aim.  And  one  of  the  main  things  we  may 
hope  for  in  a  better  organized  society  is  that  the  world  will  not  lose 
or  waste  so  much  of  the  intellectual  genius  in  its  midst.  We  need  all 
the  eminence,  intellectual,  moral,  artistic,  that  we  can  get — not  that 
the  eminent  individual  may  amass  a  fortune  or  receive  the  fatal  gift  of 
the  peerage  (as  for  those  that  care  for  such  things — verily  they  have 
their  reward),  but  that  he  may  exercise  his  gifts,  as  all  the  world's 
greatest  men  would  wish  to  exercise  them,  for  the  benefit  of  his  fellow- 
men.  Mr.  Galton  seems  indeed  to  suggest  that  eminent  men  gener- 
ally do  come  to  the  front  as  it  is ;  but  his  statement  is  a  little  rash, 
and  he  hardly  counts  the  cost  of  the  struggle. 

"  If  the  '  eminent '  men  of  any  period,  had  been  changelings  when 
babies,  a  very  fair  proportion  [what  does  he  consider  such  ?]  of  those 
who  survived  and  retained  their  health  up  to  fifty  years  of  age,  would, 
notwithstanding  their  altered  circumstances,  have  equally  risen  to 
eminence.  Thus — to  take  a  strong  case — it  is  incredible  that  any 
combination  of  circumstances,  could  have  repressed  Lord  Brougham 
to  the  level  of  undistinguished  mediocrity."  (p.  38). 

Mr.  Galton's  example  is  well  chosen  for  his  purpose.  Lord 
Brougham  was  just  the  kind  of  man  who  would  anywhere  have  pushed 
himself  into  notoriety  of  some  kind.  But  those  social  hindrances, 
"  which  form  a  system  of  natural  selection,"  may  allow  a  great  many 
Lord  Broughams  to  come  to  the  front  in  different  disguises  and  yet 
may  repress  some  who  might  do  the  world  more  service  than  an  indefi- 
nite array  of  Lord  Broughams.  Supposing  Mr.  Darwin  had  had  to 
pass  his  life  as  an  over-worked  and  over-worried  country  surgeon  or  had 
been  a  factory  hand  in  a  huge  manufacturing  town,  he  might  con- 
ceivably have  been  a  noted  man  in  a  small  naturalists'  club  and  been 
laughed  at  by  his  neighbors  for  collecting  beetles  ;  but  would  he  have 
discovered  the  origin  of  species  and  proved  his  discovery?  It  is  per- 
fectly true  that  "social  hindrances  cannot  impede  men  of  high  ability 
from  eminence,"  and  that  "  social  advantages  are  incompetent  to  give 
that  status  to  a  man  of  moderate  ability."  But "  social  hindrances  " 
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may  exhaust  all  the  energy  of  the  ablest  in  the  bare  struggle  for  exist- 
ence and  may  direct  the  energy  of  those  who  do  succeed  into  wrong  nnd 
mischievous  channels.  We  cannot  invent  a  social  machine  for  manu- 
facturing genius,  but  we  might  do  something  to  eliminate  the  waste 
and  misapplication  of  genius  that  goes  on  at  present.  Consider  the 
temptations  which  commercial  competition  and  the  fight  for  social 
pre-eminence  offer  to  the  scientific  worker,  the  writer  of  books,  the 
artist. 

Mr.  Galton  himself  proposes  what  would  amount  to  a  very  con- 
siderable reorganization  of  society  and  suggests  some  principles  which 
consistency  or  practical  necessities  might  oblige  us  to  carry  a  little 
further : — 

"  The  best  form  of  civilization  in  respect  to  the  improvement  of 
the  race,  would  be  one  in  which  society  was  not  costly  ;  where  incomes 
were  chiefly  derived  from  professional  sources,  and  not  much  through 
inheritance ;  where  every  lad  had  a  chance  of  showing  his  abilities,  and, 
if  highly  gifted,  was  enabled  to  achieve  a  first-class  education  and 
entrance  into  professional  life,  by  the  liberal  help  of  the  exhibitions 
and  scholarships  which  he  had  gained  in  his  early  youth ;  where  mar- 
riage was  held  in  as  high  honor  as  in  ancient  Jewish  times ;  where  the 
pride  of  race  was  encouraged  (of  course  I  do  not  refer  to  the  nonsen- 
sical sentiment  of  the  present  day,  that  goes  under  that  name);  where 
the  weak  could  find  a  welcome  and  a  refuge  in  celibate  monasteries  or 
sisterhoods,  and  lastly,  where  the  better  sort  of  emigrants  and  refugees 
from  other  lands  were  invited  and  welcomed,  and  their  descendants 
naturalized,"  (p.  362). 

On  almost  the  last  page  of  Mr.  Galton's  book  we  have  these 
words: — "The  human  race  can  gradually  modify  its  own  nature."  (p. 
375.)  Take  along  with  this  a  conclusion  of  Darwin's  (Descent  of  Man 
p.  174):— "It  maybe  doubted  whether  any  character  can  be  named 
that  is  distinctive  of  a  race  and  is  constant,"  and  I  do  not  think  there 
remains  much  excuse  for  the  conclusions  of  fatalism  and  laissez  faire 
that  are  often  drawn  from  the  doctrine  of  heredity.  Especially,  if  we 
cannot  trust  to  acquired  habits  being  transmitted  merely  by  descent, 
have  we  additional  reason  for  surrounding  each  successive  generation 
of  individuals,  from  their  youth  upwards,  with  institutions  and  laws 
and  customs  that  will  promote  good  and  hinder  bad  tendencies.  The 
moral  significance  of  the  organization  of  society  can  hardly  be  over 
estimated.  It  is  little  use  preaching  kindliness  and  consideration  for 
and  hoping  that  sympathetic  feelings  will  gradually  become  innate,  if 
the  society  into  which  individuals  are  born  be  openly  and  confessedly  a 
ceaseless  struggle  and  competition.  For  eighteen  centuries  a  gospel 
of  peace  and  brotherhood  has  been  preached  and  talked;  but  the  child 
plays  with  a  toy  gun  and  the  youth  sees  the  successful  millionaire  held 
up  as  his  model  for  imitation— the  man  who  boasts  that  he  in  "  self- 
made  "  and  who,  as  the  American  remarked,  has  by  that  boast  "  taken  a 
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great  responsibility  off  the  Almighty."  Not  only  education,  but  the 
very  amusements  and  healthy  exercises  of  school  life  are  all  infected 
and  corrupted  by  this  diseased  spirit  of  competition.  No  wonder  that 
those  are  scoffed  at  or  denounced  who  venture  to  think  that  a  society 
of  rational  beings  might  proceed  more  rationally.  From  the  fact  that 
human  societies,  like  natural  organisms,  grow  and  are  not  made,  we 
have  certainly  to  learn  that  every  evil  cannot  be  remedied  in  a  day. 
But  from  the  other,  at  least  equally  important  fact,  that  human 
societies  do  not  merely  grow  but  are  consciously  altered  by  human 
effort,  we  have  also  to  learn  that  every  evil  is  not  to  be  accepted  as 
inevitable.  The  spread  of  ideas  regarding  a  better  organization  of 
society  is  itself  a  factor  in  the  attainment  of  that  better  organization — 
not,  of  course,  that  we  can  make  out  a  complete  plan,  like  an  architect, 
and  then  get  it  put  into  practice.  Time  and  experience  alone  can  sug- 
gest the  details.  But  the  teaching  of  evolutionary  science,  rightly 
understood,  gives  us  no  excuse  for  putting  aside  all  schemes  of  social 
reorganization  as  mere  foolish  and  dreamy  idealism.  A  fair  study  of 
social  evolution  will  at  least  indicate  the  direction  in  which  we  have  to 
move. 

Hitherto  in  my  argument  I  have  accepted  the  formulae  of  "  struggle 
for  existence"  and  " natural  selection "  as  quite  sufficient  to  express 
the  evolution  of  human  society.  They  are  quite  accurate,  if  applied 
with  a  full  recognition  of  the  new  elements  which  enter  into  the 
struggle  over  and  above  those  operating  in  the  biological  sphere.  But 
perhaps  these  formulae,  though  accurate,  hardly  express  the  whole 
truth.  Mr.  Spencer's  recognition  of  only  two  great  types  of  society — 
the  militant  and  the  industrial — and  his  theory  that  social  evolution 
ends  in  complete  individualism  are  scarcely  consistent  with  his  own 
insistence  on  the  organic  or  super-organic  nature  of  society.  Sir 
Henry  Maine  has  only  one  great  formula — that  society  advances  from 
status  to  contract — and  sticks  there  or  else  goes  backwards.  Is  there 
not  a  higher  type  of  society  beyond  and  above  each  of  these  one-sided 
extremes — cohesion  without  individual  liberty  and  individual  liberty  of 
the  negative  sort  without  social  cohesion  ? 

In  human  society  thought  or  reflection,  as  we  have  seen,  enters  in 
as  a  factor,  lifting  it  above  the  merely  natural  organism,  and  so  perhaps 
we  may  look  at  the  nature  of  thought  in  order  to  find  out  the  way  in 
which  society  progresses.  On  every  subject  we  think  about  we  begin 
with  some  rough  opinion,  either  received  from  others  or  the  result  of 
hasty  observation.  If  we  go  on  to  think  about  this  opinion,  we  have 
to  question  it,  to  examine  it,  and  unless  we  come  to  a  standstill  at  the 
stage  of  doubt  or  criticism,  we  go  on  to  form  some  more  adequate 
opinion,  which  may  indeed  be  only  the  old  opinion  in  a  better  form  or 
may  be  something  very  different.  But  this  new  opinion  may  in  its 
turn  be  questioned  in  order  to  be  corrected,  and  so  on,  for  the  truth 
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proves  itself  more  complex  than  at  first  appeared :  and,  unless 
we  lazily  acquiesce  in  dogmatic  solutions,  we  cannot  cease  from  the 
labor  of  thinking.  It  might  indeed  be  more  prudent  to  avoid  mention- 
ing Hegel's  name  ;  but  this  very  commonplace  process  is  his  "dialectic 
method  "  in  its  simplest  and  most  familiar  form.  This  "  advance  by 
negation  "  is  the  way  we  have  to  think  about  everything.  And  if  we 
apply  this  dialectic  method  to  society,  what  does  it  suggest  ?  That  we 
canuot  rest  in  the  critical  or  negative  stage  of  modern  individualism. 
But  does  that  mean  a  return  to  the  mediaeval  type  of  society  ?  to  "the 
good  old  days  "  of  aristocratic  and  ecclesiastical  domination  ?  By  no 
means.  It  implies  an  advance  to  a  stage  in  which  all  that  is  most 
precious  in  individualism  must  be  retained  along  with  the  stability  of 
social  condition  which  individualism  has  des  royed.  And  this  new 
stage  can  be  best  described  by  the  word  "  Socialism." 

By  way  of  practical  application,  let  us  use  the  light  gained  in  our 
study  of  the  nature  of  social  evolution  generally  to  consider  in  detail 
three  great  p  irts  of  the  social  problem:  (1)  State  interference  with 
the  condition  of  labor,  (2)  the  position  of  women,  (3)  the  population 
question,  which  is  obviously  connected  with  both  the  preceding. 

(1)  Strauss,  to  whom  we  have  referred  before  as  professedly 
applying  the  new  faith  of  Evolution  to  the  practical  guidance  of  life, 
objects  even  to  trade-unions  agitating  for  a  reduction  of  the  hours  of 
labor.*  He  is  so  hot  upon  the  point  that  his  patriotism,  which  else- 
where seems  to  constitute  the  principal  part  of  his  morality,  deserts 
him  here,  and  he  suggests  that  the  employers  of  labor  should  "if  neces- 
sary send  to  foreign  countries  for  workmen  and  then  let  the  refrac- 
tory see  who  will  be  able  to  hold  out  longest."  This  is  the  struggle 
d  entrance,  though  he  makes  no  express  reference  to  the  evolutionary 
formula  here.  Few  thoughtful  Englishmen  would  now  venture  to  go 
so  far  as  that  and  deliberately  to  propose,  as  Strauss  does,  the  com- 
plete suppression  of  the  liberty  of  association  among  the  workmen, 
however  much  they  may  envy  autocratic  methods  and  imitate  them, 
when  they  get  the  chance,  on  a  small  scale  and  in  a  feeble  way.  But 
there  are  very  many,  even  of  our  most  Radical  politicans,  who,  while 
allowing  or  encouraging  trades-unions  to  struggle  for  higher  wages 
and  a  reduction  of  the  hours  of  labor,  object  to  the  State  meddling 
at  all  in  the  matter,  except  in  the  case  of  women  and  children,  or  as 
J.  S.  Mill  would  have  put  it,  except  in  the  case  of  children  only. 
Adults  are  to  be  left  to  shift  for  themselves.  Well,  we  know  what 
that  means.  It  is  needless  to  use  any  vivid  or  picturesque  language. 
Those  who  have  eyes  to  see  and  ears  to  hear  can  see  and  hear 
for  themselves.  This  system  of  unchecked  competition — one  cannot 
repeat  it  too  often — means  a  prodigal  and  frightful  waste.  Some  have 
to  work  too  hard  and  too  long :  others  cannot  get  any  work  to  do  at 

*  The  Old  faith  and  the  New,  sec.  83  In  German  edit.  1875  —  sec.  79  (ii.  p.  96)  in  Eng.  Tramd. 
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all  or  get  it  irregularly  and  uncertainly :  others,  who  might  work,  do 
not  and  will  not — the  idlers  at  both  ends  of  the  social  scale,  the  moral 
refuse  produced  by  our  economic  system.  This  system  is  exactly  what 
we  find  in  nature  generally ;  but  one  would  think  that  human  beings 
might  use  their  reason  to  discover  some  less  wasteful  scheme.  Water 
will  find  its  own  level ;  but  how  much  mischief  may  it  cause  in  so 
doing? — mischief  which  can  be  avoided.  We  have  beautiful  flowers 
or  miserable  weeds  in  our  gardens  according  as  a  skillful  gardener 
"  interferes "  or  not ;  and  when  he  thins  out  an  overcrowded  bed,  ht 
need  not  throw  away  the  plants :  there  are  many  who  would  be  glad 
to  have  them.  It  is  all  one  great  problem  of  distribution.  Here  is 
so  much  work  needing  to  be  done  and  so  many  persons  to  do  it.  The 
organization  of  labor  is  not  an  easy  task ;  but  is  it  hopeless  1  At  least 
we  might  diminish  the  ^organization,  which  is  the  system  of  mere 
nature,  as  that  appears  to  rational  beings.  Cannot  human  societies 
imitate  the  higher  forms  of  nature,  not  the  lower,  so  as  to  contrive 
some  scheme  for  the  diminution  of  waste? 

Strauss  is  afraid  because  of  the  interests  of  civilization.  But 
the  civilization  he  thinks  of  is  that  of  the  antique  type  of  society,  a 
civilization  limited  to  the  few — a  cultured  minority,  consoling  them- 
selves for  the  loss  of  old  religious  beliefs  by  reading  poetry  and  hear- 
ing concerts  and  operas,  amid  a  subject  multitude  treated  with  some 
consideration,  like  dependent  and  useful  lower  animals,  but  left  to 
poverty  and  superstition.  What  can  be  worse  for  civilization  than 
that  the  more  energetic  and  successful  workers,  managing  to  get 
constant  employment,  have,  as  at  present,  no  sufficient  leisure  for  the 
cultivation  of  their  faculties?  And  when  in  the  case  of  the  greatest 
number  all  available  energy  is  used  up  in  the  struggle  to  feed  the 
body,  what  wonder  that  the  soul  is  neglected — "where  a  soul  can  be 
discerned?"  Leisure  is  necessary  for  culture:  and  a  moderate  amount 
of  work  is  good  for  physical,  mental  and  moral  health — excess  is  bad 
for  all  three.  Cannot  leisure  and  work  be  better  distributed,  accord- 
ing to  a  rational  instead  of  a  hap-hazard  system  ?  In  the  attempt  to 
substitute  rational  for  non-rational  methods  there  is  no  denial  of  the 
scientific  truth  of  evolution,  and  there  is  an  application  of  the  principle 
on  which  Strauss  himself  insists  so  strongly,  that  "man  must  not 
merely  be  an  animal  repeated,  but  must  be  something  more,  something 
better." 

(2)  The  claim  of  women  to  an  equal  share  with  men  in  the  advan- 
tages and  responsibilities  of  education  and  citizenship  is  very  fre- 
quently met  by  the  objection  that  to  grant  this  claim  is  to  fly  in  the 
face  of  nature.  And  the  objection,  when  it  comes  from  the  evolution- 
ist, has  a  certain  plausibility.  He  points  out,  perhaps,  how  advance 
in  organic  life  goes  along  with  increasing  differentiation  of  sex — a 
rash  assertion  in  biology,  but  I  have  heard  it  made  by  a  biologist. 
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And  so,  it  is  asked,  are  not  the  advocates  of  women's  right,  trying  to 
reverse  all  that,  and  to  produce  a  morally  asexual  being?  Again,  if 
we  limit  ourselves  to  human  society,  it  is  pointed  out  that  "the  differ- 
ence between  the  sexes,  as  regards  the  cranial  cavity,  increases  with 
the  development  of  the  race,  so  that  the  male  European  excels  much 
more  the  female,  than  the  negro  the  negress  "  (quoted  from  Vogt  by 
Darwin  Descent  of  Man  p.  566  n.;  but  it  is  admitted  that  more  obser- 
vations are  yet  requisite  before  the  fact  can  be  positively  asserted). 
It  is  argued  from  this  fact,  if  such  it  be,  that  the  progress  of  society 
has  brought  with  it  a  still  greater  differentiation  of  sex,  and,  this  hav- 
ing proved  beneficial  for  the  human  race,  it  is  folly  to  seek  to  reverse 
it.  Let  us  take  the  last  argument  first.  Because  a  certain  method 
has  led  us  up  to  a  certain  point,  it  does  not  follow  that  the  same 
method  continued  will  carry  us  on  further.  Races  that  have  reached  a 
certain  stage  may  be  hindered  by  extreme  conservatism  from  making 
any  further  progress — like  the  Chinese.  Again,  at  what  degree  of 
differentiation  between  the  habits  and  lives  of  the  sexes  are  we  to 
draw  the  line?  Englishmen,  Frenchmen,  Turks  would  draw  it  verj 
differently.  And  the  Turk  ought  to  please  the  biological  Conservative 
best,  because  he  has  pushed  the  differentiation  of  the  sexes  to  a  logical 
issue.  The  persons  who  use  this  kind  of  argument  fancy  that  they 
are  influenced  by  scientific  considerations,  but  they  are  really  influ- 
enced by  what  they  happen  to  have  grown  accustomed  to.  Thirdly 
if  there  is  this  greater  difference  between  the  cranial  cavities  of 
savage  and  civilized  men  than  between  those  of  savage  and  civilized 
women,  to  what  must  it  be  due  ? 

^a).  Those  who  believe  that  acquired  characteristics  (i.  e.,  charac- 
teristics produced  by  agencies  external  to  the  organism)  are  trans- 
mitted, must  explain  this  difference  by  the  difference  in  institutions, 
laws  and  customs.  Well,  then — what  these  have  done  before  in  one 
direction  they  may  do  again  in  another.  And  the  same  education  and 
the  same  responsibilities  will,  in  course  of  time,  put  the  average 
woman  on  the  same  level  with  the  average  man.  (b).  If  use  and  dis- 
use are  not  allowed  as  explanations,  then  this  alleged  brain  inferiority 
of  women  must  be  due  either  to  natural  or  to  sexual  selection,  (a). 
If  to  natural  selection,  this  would  mean  that  in  the  struggle  for 
existence  those  races  or  tribes  have  succeeded  best  in  which  the  males 
have  on  the  average  had  better  brains  than  the  females.  And  this 
may  have  been  so  in  times  when  constant  fighting  was  necessary  for 
existence,  though  in  such  a  case  it  would  be  the  greater  superiority  of 
the  male  and  not  the  greater  relative  inferiority  of  the  female  that  had 
been  the  real  cause  of  success.  But  this  affords  no  argument  that? 
when  many  other  conditions  of  success  than  fighting  power  become 
necessary,  the  process  of  natural  selection  will  continue  to  act  in  the 
same  way.  A  people,  all  whose  members  become  superior  in  mental 
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qualities,  will  have  the  advantage  over  those  peoples  in  which  the 
development  is  partial  and  one-sided;  for,  certainly,  it  could  not  be 
argued  that  the  (alleged)  relatively  greater  inferiority  of  the  civilized 
female  brain  had  gone  along  with  an  increased  capacity  for  the  purely 
physical  functions  of  maternity,  as  compared  with  what  is  found  among 
savage  races,  (ft).  If,  on  the  other  hand,  the  alleged  difference  is  due 
to  sexual  selection,  this  must  mean,  not  merely  that  men  as  a  rule  have 
preferred  women  with  inferior  brain  power  to  their  own  (which  is 
likely  enough),  but  women  whose  female  children  were  also  on  the 
average  inferior  in  this  respect  to  their  male  children.  Supposing 
such  a  kind  of  selection  to  be  possible  (one  can  only  admit  it  for  the 
sake  of  argument),  then,  if  men's  ideas  about  women  come  to  be 
altered,  sexual  selection  will  work  in  an  opposite  manner.  With  a 
new  ideal  of  woman,  the  clever  would  be  preferred  to  the  stupid, 
and  the  mother  of  clever  daughters  to  the  mother  of  stupid  daughters. 
Thus,  even  if  the  assertion  of  Carl  Vogt  were  true,  it  offers  no  con- 
clusive argument  against  the  political  and  social  equalization  of  the 
sexes;  because  this  equalization  would  on  any  recognized  principles 
of  evolution,  bring  about  ultimately  a  natural  equality.  On  the  whole, 
however,  one  may  fairly  retain  the  suspicion  that  this  alleged  differ- 
ence is  not  a  fact,  and  that  the  greater  average  eminence  (in  the  past) 
of  men  than  of  women  in  intellectual  pursuits  is  entirely  due  (as  on 
any  theory  it  must  be  mostly  due)  to  the  effect  of  institutions  and  cus- 
toms and  ideas  operating  within  the  lifetime  of  the  individual  and  not 
to  differences  physically  inherited.  Little  girls  are  certainly  not  on 
the  average  stupider  than  little  boys:  and,  if  on  the  average  men  show 
more  intellectual  ability  than  women,  this  must  be  due  to  the  way  in 
which  the  two  sexes  are  respectively  treated  in  the  interval. 

But,  even  if  there  were  an  average  mental  superiority  in  men  (we 
have  really  no  right  to  make  definite  assertions  on  the  subject,  because 
women  have  never  yet  had  a  fair  chance  of  showing  their  capacities  on 
a  sufficiently  large  scale),  Plato's  argument  would  still  hold  that, 
though  there  may  be  a  general  superiority  of  men,  yet  there  are  many 
women  superior  to  many  men,  and  it  is  a  pity  that  the  State  should 
lose  the  advantage  of  their  services. 

With  regard  to  the  argument  from  nature  generally,  even  if  we 
agreed  to  the  generalization  that  advance  implies  increasing  differentia- 
tion of  sex  and  not  the  very  reverse,  it  must  be  insisted  that  difference 
is  not  the  same  thing  as  inequality  (though  the  two  are  very  apt  to  be 
confounded),  and  that  the  very  difference  between  the  sexes  is  a  reason 
why  the  State  should  not  disregard  the  opinions  and  the  feelings  of 
half,  or  in  old  countries  more  than  half,  the  population.  But  the  main 
point  is  really  this :  that  society  has  enabled  man  to  rise  above  the 
mere  animal  and,  as  has  been  pointed  out,  to  be  influenced  not  merely 
by  natural  pressure  but  by  ideas.  The  idea  of  equality  has  grown  up 
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— I  shall  not  at  present  enquire  how  far  it  is  dne  to  the  universal  citi- 
zenship of  the  Roman  Empire  and  to  the  widening  conceptions  of 
Roman  Law,  how  far  to  the  Stoic  philosophy  with  its  brotherhood  of 
mankind,  and  how  far  to  Christianity  as  an  inter  national  or  non- 
national  religion,  declaring  the  equality  of  all  before  God,  though 
carrying  with  it  the  Judaic  supremacy  of  the  male  sex.  When  this 
idea  of  equality  was  proclaimed  in  the  American  revolution,  the  negro 
slaves  were  conveniently  overlooked ;  when  it  was  proclaimed  in  the 
French  revolution,  the  existence  of  a  whole  sex  seemed  to  be  forgotten 
by  every  one  but  Condorcet.  And  there  are  many  old-fashioned  Radi- 
cals still,  who  lack  sufficient  faith  in  their  own  creed  to  apply  it  in  a 
thorough-going  way.  How  often  does  one  hear  the  argument,  "  Oh, 
but  women  are  naturally  Conservative,  and  if  they  had  political  power, 
we  should  be  governed  by  the  priests."  It  may  rather  be  said  that  the 
instability  of  republican  government  in  France  has  been  very  much 
due  to  its  not  having  appealed  to  the  sympathies  of  the  mothers  of  the 
French  people.  If  women  are  expressly  and  purposely  kept  in  the 
patriarchal  stage  of  social  evolution,  is  it  wonderful  that  their  feelings 
and  sympathies  mostly  correspond  to  an  antique  social  type  ?  It  is 
hypocritical  to  deny  the  political  capacity  of  women,  simply  because 
their  political  incapacity  has  through  long  centuries  been  diligently 
cultivated :  but  this  is  always  the  favorite  sort  of  argument  with  the 
jealous  champions  of  privilege : — first  to  prevent  a  race  or  class  or  sex 
from  acquiring  a  capacity,  and  then  to  justify  the  refusal  of  rights  on 
the  grounds  of  this  absence — to  shut  up  a  bird  in  a  narrow  cage  and 
then  pretend  to  argue  with  it  that  it  is  incapable  of  flying.  What  is 
the  reason  of  the  power  which  the  Catholic  Church  possesses  over  the 
minds  of  women,  except  that  the  Church  alone  offers  them  any  escape 
into  a  larger  circle  of  interests  than  those  of  the  patriarchal  family? 
They  do  not  reflect  that  the  Church  brands  them  with  a  stamp  of  infe- 
riority,* that  did  not  exist  in  the  old  Aryan  religions,  which  had  their 
gods  and  goddesses,  priests  and  priestesses.  They  do  feel  that  the  rule 
of  the  priest  may  be  something  higher  than  the  rule  of  the  household 
despot.  Religious  teachers  have  understood  that  their  success  must 
depend  on  their  winning  the  mothers  of  the  race.  When  will  political 
leaders  come  to  recognize  the  same? 

*Even  the  cult  of  the  Madonna,  which  is  a  revival  of  the  female  element  in  deity,  did  not  do 
away  with  the  degradation  of  the  woman.  There  is  a  story  (given  In  Grimm's  Houseliold  Talet, 
Note  to  Tale  139)  of  St.  Bernard,  that  he  once  went  into  a  Cathedral  to  pay  his  devotions  to  the 
image  of  the  Virgin.  He  fell  thrice  on  his  knees  before  it,  and  full  of  fervor  uttered  the  words, 
••  Oil,  gracious,  mild  and  highly  favored  mother  of  God  !"  Hereupon  the  image  began  to  speak, 
and  said  "  Welcome,  my  Bernard  1"  But  the  saint,  who  was  displeased  by  this,  reprimanded  the 
Queeu  of  Heaven  for  speaking,  in  these  words,  "  Silence !  No  woman  is  to  speak  in  the  congrega- 
tion !"  This  is  an  admirable  illustration  of  the  ecclesiastical  and  sentimental  theory  of  Woman- 
hood— a  worship  that  professes  to  exalt  -woman— whether  the  Madonna  or  das  Ewig-Weibhche — 
above  man,  combined  with  a  refusal  of  rationality  that  sinks  her  beneath  him.  The  san.e  thing 
appears  iu  quarters  where  we  should  less  expect  it.  Tbns  we  find  the  late  Mr.  Lawrenre  Oliphant, 
who  with  many  protests  against  the  corruption  of  the  Churches,  builds  up  on  a  strangely  unscien- 
tific foundation  what  professes  to  be  a  new  "  scientific  "  religion,  and  who  proclaims  a  higher  code 
of  morals,  based  mainly  on  the  elevation  of  woman,  yet  denouncing,  like  a  Catholic  or  a  Comtist 
priest,  theagitation  for  "  women's  rights  "  and  "  the  higher  education  of  women,  '  and  maintain- 
Ingthe  very  retrograde  and  (in  these  days)  immoral  doctrine  that  women  have  no  responsibility 
With  regard  to  public  affairs.  (Scientific  Rrl  girm  pp.  316.  H24.)  In  fact  the  "Divine  Feminine" 
or  "  Woman  "—with  a  very  big  capital— is  o'ie  of  the  worst  enemies  that  women  have  to  contend 
with  in  their  struggle  towards  recognition  as  complete  and  responsible  human pertma. 
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Mr.  Herbert  Spencer*  is  afraid  that  women,  if  admitted  now  to 
political  life,  might  do  mischief  by  introducing  the  ethics  of  the  family 
into  the  State.  "Under  the  ethics  of  the  family  the  greatest  benefits 
must  be  given  where  the  merits  are  smallest,  under  the  ethics  of  the 
State  the  benefits  must  be  proportioned  to  the  merits."  Mr.  Spencer 
seems  to  have  more  confidence  than  most  of  us  would  in  applying  the 
strict  principle  of  geometrical  proportion  to  distributive  justice.  Do 
people  get  benefits  in  proportion  to  their  merits  in  any  society  we 
have  ever  seen  or  are  likely  to  see?  And  would  those  persons  whose 
merits  are  greatest  care  most  for  the  greatest  rewards?  Is  it  right  to 
separate  the  ethics  of  the  family,  in  Mr.  Spencer's  favorite  antithetic 
fashion,  from  the  ethics  of  the  State  ?  If  something  is  right  in  a 
family,  it  is  difficult  to  see  why  it  is  therefore,  without  any  further 
reason,  wrong  in  the  State.  If  the  participation  of  women  iu  politics 
means  that,  as  a  good  family  educates  all  its  members,  so  must  a  good 
State,  what  better  issue  could  there  be  1  The  family  ideal  of  the  State 
may  be  difficult  of  attainment,  but,  as  an  ideal,  it  is  better  than  the 
policeman  theory.  It  would  mean  the  moralization  of  politics.  The 
cultivation  of  separate  sorts  of  virtues  and  separate  ideals  of  duty  in 
men  and  women  has  led  to  the  whole  social  fabric  being  weaker  and 
unhealthier  than  it  need  be. 

The  history  of  the  position  of  women  is  much  more  complex  than 
is  often  represented.  It  is  not  true  to  say  that  the  status  of  women  has 
always  improved  in  direct  ratio  to  the  general  advance.  The  patri- 
archal stage  represents  on  the  whole  a  higher  type  of  civilization  than 
the  matriarchal.  But,  it  is  to  be  observed  those  societies  which  have 
exaggerated  the  patriarchal  type  and  built  all  their  civilization  upon  it, 
seem  to  be  incapable  of  advancing  further.  This  is  conspicuously  the 
case  with  Mohammedan  peoples.  Just  as  war  has  fulfilled  important 
functions  in  the  progress  of  the  human  race,  so  the  terrible  powers  of 
the  house-father  in  certain  ancient  systems  of  law  have  had  their 
use :  but  it  does  not  follow  that  what  once  aided  the  race  in  its  strug- 
gle with  other  races  will  continue  to  do  so  when  the  struggle  becomes 
of  a  higher  and  more  complex  kind.f 

I  have  heard  the  objection  made  that,  in  countries  where  it  is 
considered  necessary  to  have  compulsory  military  surface  for  all  males, 
it  would  be  unjust  and  inexpedient  that  women  should  have  a  voice  in 
political  matters.  This  objection  would  be  easily  met  by  compelling 
all  women  physically  fit  for  it  to  undergo  training  as  nurses  and  mak- 
ing them  liable  to  be  called  upon  to  serve  as  such  in  time  of  war.  And 
this  training  would  be  more  useful  to  them  and  to  the  whole  com- 
munity in  time  of  peace  than  his  military  training  is  to  the  peasant  or 
artisan. 

*  Sociology,  pp.  793,794. 

t "  Such  is  the  nature  of  men  that,  when  they  have  reached  their  ends  by  a  certain  road,  they 
cannot  understand  that,  the  times  being  different,  success  may  be  won  by  other  methods  and  the 
old  way*  are  no  longer  of  use."  These  words  represent  the  theme  of  the  9th  chap,  of  Machiavelli'e 
Diicourtet  on  Livy,  Bk.  ill. 
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Of  all  the  objections  made  to  the  equality  of  the  sexes  the  only 
one  that  deserves  very  serious  attention  is  that  made  by  Sir  James 
Fitzjames  Stephen  in  his  clever  attack  on  J.  S.  Mill.  He  points  out 
(in  Liberty,  Equality,  Fraternity,  p.  2.  237)  that  women  may  suffer 
more  than  they  have  done,  if  plunged  into  a  nominally  equal  but  really 
unequal  contest  in  the  already  overcrowded  labor  market.  The  con- 
clusion usually  drawn  from  this  argument  is  a  sentimental  reaction  in 
favor  of  the  old  family  ideal  (for  instance  in  Mr.  Besant's  books). 
There  is  another  alternative  and  that  is  the  socialistic.  The  elevation 
of  the  status  of  women  and  the  regulation  of  the  conditions  of  labor 
are  ultimately  inseparable  questions;  On  the  basis  of  individualism! 
cannot  see  how  it  is  possible  to  answer  the  objections  of  Sir  J.  Fitz 
James  Stephen. 

(3)  We  began  by  referring  to  Malthus,  and  with  Malthus  we  must 
end.  Socialists  have  usually  brushed  aside  the  Malthusian  precepts 
and  somewhat,  too  lightly  neglected  the  Malthusian  arguments.  To 
some  extent  this  has  been  due  to  a  correct  instinct.  The  "prudence  " 
of  the  old  school  of  political  economy  would  mean  that  the  most  care- 
nil  and  intelligent  part  of  the  population  should  leave  the  continuance 
of  the  race  mainly  to  the  least  careful  and  the  least  intelligent  portion 
• — thus  bringing  about  a  survival  of  the  unfittest.  And  so  the  theory 
of  natural  selection,  which  was  suggested  to  Darwin  by  Malthus's 
theory  of  population  has  come  to  be  used  as  a  refutation  of  Malthus's 
practical  suggestions.*  Socialist  views  on  the  question  have  not 
always  had  so  scientific  a  basis,  but  have  often  rested  on  nothing 
much  better  than  the  popular  superstition  that  where  God  sends 
mouths  he  sends  the  food  to  feed  them,  though  this  may  be  disguised 
in  a  non-theological  form,  such  as  "  the  earth  is  capable  of  producing 
Abundance  of  food  for  all  its  inhabitants."  Now  what  does  this  mean? 
That  the  earth  at  present  may  be  made  to  bear  more  than  it  now  does, 
and  that  therefore  it  will  maintain  more  than  its  present  number  of 
inhabitants,  is  true  enough.  But  only  a  complete  failure  to  grasp  the 
meaning  of  the  struggle  for  existence,  and  the  relation  between 
increase  of  means  of  subsistence  and  increase  of  population  could  lead 
any  one  to  maintain  that,  absolutely,  the  earth  can  be  made  capable  of 
supporting  an  indefinitely  increasing  number  of  inhabitants.  If  the 
checks  on  population  supplied  by  famine,  war,  pestilence  and  vice  be 
removed  in  any  large  measure,  the  increase  would  in  time  outrun  any 
possible  increase  in  the  means  of  subsistence,  even  with  all  that  im- 
proved appliances  and  diminished  waste  could  do.  Here,  as  elsewhere, 
human  beings  must  raise  themselves  above  unthinking  animals  and  not 
trust  to  a  kind  Providence  in  which  they  take  no  part.  The  course  of 
events,  if  left  to  itself,  will  act  in  the  way  that  we  do,  when  we  dispose 
of  superfluous  puppies  and  kittens,  but  not  quite  so  rapidly  and 

*Cp.  Galton's  Hereditary  Genius,  p.  356. 
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mercifully.  We  must  become  provident  for  ourselves.  But  what  then 
becomes  of  the  Darwinian  objection,  the  protest  "against  the  higher 
races  being  encouraged  to  withdraw  from  the  struggle  for  existence?  " 
That  would  be  a  valid  objection,  if  we  suppose  the  present  system  of 
free  competition  in  the  labor  market  to  continue  for  ever.  If  employ- 
ers of  labor  remain  a  separate  class  (instead  of  becoming  directors  of 
labor,  acting  solely  on  behalf  of  the  whole  community),  and  are  free 
to  import  the  labor  of  cheaper  and  more  prolific  races,  as  we  have 
seen  even  the  patriotic  Strauss  suggesting,  there  would  certainly  be  a 
continuous  degeneration  of  the  species.  But,  most  assuredly,  the  day 
will  come  and  very  soon,  when  the  workers  of  all  the  more  civilized 
nations  will  join  together  not  to  undersell  each  other :  and  by  that 
time  employers  will  not  be  absolutely  free  to  import  Chinese  or 
Malays,  who  would  be  practically  slaves  of  a  new  type. 

It  might,  however,  be  objected  that  if  the  more  civilized  nations 
keep  their  numbers  fairly  on  a  level  with  the  means  of  subsistence  at 
home,  there  will  no  longer  be  the  stream  of  emigrants  pouring  forth 
from  our  shores  to  civilize  the  world  and  develop  the  resources  of  new 
countries :  "  the  abler  races "  will  be  "  withdrawing  from  the  struggle 
for  existence."  There  are  some  people  who  seem  to  think  that  an 
unlimited  supply  of  what  we  call  the  Anglo-Saxon  race  is  the  best 
remedy  for  all  the  evils  of  the  world.  Well,  without  wishing  to  be 
needlessly  unpatriotic,  I  do  not  think  the  unlimited  Anglo-Saxon  is  an 
altogether  unmitigated  blessing.  The  filibuster,  the  mercantile  adven- 
turer and  the  missionary  have  not  been  so  perfectly  successful  between 
them  in  dealing  with  the  problem  of  the  lower  races ;  for  the  mere 
disappearance  of  lower  races  before  the  rum  supplied  by  the  trader 
and  the  clothes  enjoined  by  the  missionary  (to  the  great  profit  of  the 
Lancashire  manufacturer)  is  not  quite  a  satisfactory  solution.  What 
has  been  already  said  about  the  transmission  of  a  type  of  culture,  irre- 
spective of  the  continuity  of  the  race  that  first  developed  it,  seems  to 
help  one  here.  We  need  have  less  doubt  of  the  excellence  of  our  lan- 
guage and  of  our  literature  and  of  some  of  our  institutions  than  of  the 
supreme  excellence  of  our  race:  and  there  is  nothing  to  prevent  distant 
tribes  and  nations  regarding  Europe,  and  Britain  not  least,  as  the  school 
or  university  to  which  they  shall  send  their  most  promising  youth  in 
order  to  adopt  just  as  much  of  our  civilization  as  suits  them,  so  that 
they  may  work  out  their  own  problems  in  their  own  manner.  That 
would  surely  be  a  healthier  way  in  which  the  higher  might  affect  the 
lower  races  in  the  future,  educating  them  instead  of  enslaving,  demor- 
alizing or  destroying  them. 

As  to  the  adjustment  of  population  to  subsistence,  Mr.  H.  Spencer 
has  sufficient  faith  in  the  beneficence  of  nature  to  believe  this  will 
come  about  of  itself  through  a  biological  law — that  multiplicati(  n  and 
individuation  vary  inversely,  so  that,  as  the  physical  and  intellectual 
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culture  of  the  individual  is  more  and  more  attended  to,  the  increase  of 
the  species  will  gradually  diminish.  This  "law"  is  however  as  yet 
only  a  mere  speculation  of  Mr.  Spencer's.  There  does  seem  to  be  in 
the  world  a  certain  amount  of  what  we  may  C'll  natural  adaptation, 
which  leads  the  more  cultured  and  the  more  settled  nations  to  be  less 
prolific  than  those  of  the  same  race  or  stock  who  are  living  in  new 
countries  with  plenty  of  elbow  room.  The  English  race  in  Western 
America  or  in  Australia  does  seem  to  be  more  fruitful  than  in  old  Eng- 
land or  in  New  England.  But  the  whole  theory  is  a  very  doubtful  one. 
And  a  rational  adaptation  of  mears  to  ends  seems  requisite  to  obtain 
the  desired  result.  This  is  pre-eminently  a  question  which  can  only 
receive  proper  consideration  and  solution  when  women  are  admitted  to 
full  social  and  political  responsibility.  It  is  the  woman  who  bears  the 
suffering  of  maternity  and  has  the  care  of  the  very  young  and  so  the 
woman  is  more  immediately  interested  than  the  man.  So  long  as 
women  were  brought  up  to  believe  that  their  sole  or  main  function  in 
life  was  to  bear  children  and  were  made  to  feel  that  there  was  some- 
thing not  only  of  disadvantage  but  of  disgrace  in  being  unmarried  or 
childless,  what  wonder  that  population  has  been  increased  indefinitely 
and  recklessly  ?  Every  inducement  was  in  that  direction,  the  ideas  of  a 
military  society,  the  influence  of  the  clergy  (and,  at  least  in  Protestant 
countries,  their  example  also),  the  employment  of  child-labor  before 
the  factory  acts,  the  system  of  the  old  poor  law — everything  encour- 
aged the  natural  tendency  of  the  race  to  increase.  With  a  change  in 
the  prevalent  sentiment,  a  change  in  fact  will  certainly  follow.  When 
women  have  other  interests  in  the  world  than  those  of  maternity, 
things  will  not  go  on  so  blindly  as  before.  And  the  race  need  not 
necessarily  suffer  thereby,  but  the  very  reverse.  Fewer  children  will 
be  born,  but  fewer  will  die,  fewer  will  be  sickly.  Those  who  are  born 
will  be  better  and  more  intelligently  cared  for.  Two  healthy  well 
reared  children  will  be  more  useful  to  the  community  than  a  dozen 
neglected  waifs  and  strays.  Here  again  we  shall  only  be  imitating 
by  rational  procedure  the  upward  tendency  of  nature,  which  consists 
in  the  economy  of  production.  Eational  selection  will  take  the  place 
of  the  cruel  process  of  natural  selection. 

If  we  are  still  reminded  that  only  through  struggle  can  mankind 
attain  any  good  thing,  let  us  remember  that  there  is  a  struggle  from 
which  we  can  never  altogether  escape — the  struggle  against  nature, 
including  the  blind  forces  of  human  passion  Tnere  will  always  be 
enough  to  do  in  this  ceaseless  struggle  to  call  forth  all  the  energies  of 
which  human  nature  at  its  very  best  is  capable.  At  present  how  much 
of  these  energies,  intellectual  and  moral  as  well  as  physical,  is  wasted 
in  mutual  destruction !  May  we  not  hope  that  by  degrees  this  mutual 
conflict  will  be  turned  into  mutual  help?  And,  if  it  is  pointed  out  that 

even  at  present  mutual  help  does  come  about,  even  through  mutual 
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conflict,  indirectly  and  with  much  loss  on  the  way,  may  we  not  hopo  LO 
make  that  mutual  help  conscious,  rational,  systematic,  and  so  to  elimi- 
nate more  and  more  the  suffering  going  on  around  us  ? 
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TO  me,  and,  as  I  trust,  to  the  great  majority  of  those  whom  I 
address,  the  great  attempt  to  educate  the  people  of  England 
which  has  just  been  set  afoot,  is  one  of  the  most  satisfactory  and 
hopeful  events  in  our  modern  history.  But  it  is  impossible,  even  if  it 
were  desirable,  to  shut  our  eyes  to  the  fact  that  there  is  a  minority, 
not  inconsiderable  in  numbers,  nor  deficient  in  supporters  of  weight 
and  authority,  in  whose  judgment  all  this  legislation  is  a  step  in  the 
wrong  direction,  false  in  principle,  and  consequently  sure  to  produce 
evil  in  practice. 

The  arguments  employed  by  these  objectors  are  of  two  kinds. 
The  first  is  what  I  will  venture  to  term  the  caste  argument,  for,  if 
logically  carried  out,  it  would  end  in  the  separation  of  the  people  of 
this  country  into  castes,  as  permanent  and  as  sharply  defined,  if  not  as 
numerous,  as  those  of  India.  It  is  maintained  that  the  whole  fabric  of 
society  will  be  destroyed  if  the  poor,  as  well  as  the  rich,  are  educated; 
that  anything  like  sound  and  good  education  will  only  make  them 
discontented  with  their  station,  and  raise  hopes  which,  in  the  great 
majority  of  cases,  will  be  bitterly  disappointed.  It  is  said:  there 
must  be  hewers  of  wood  and  drawers  of  water,  scavengers  and  coal- 
heavers,  day-laborers  and  domestic  servants,  or  the  work  of  society 
will  come  to  a  stand-still.  But,  if  you  educate  and  refine  everybody, 
nobody  will  be  content  to  assume  these  functions,  and  all  the  world 
will  want  to  be  gentlemen  and  ladies. 

One  hears  this  argument  most  frequently  from  the  representatives 
of  the  well-to-do  middle  class;  and,  coming  from  them,  it  strikes  me 
as  peculiarly  inconsistent,  as  the  one  thing  they  admire,  strive  after, 
and  advise  their  own  children  to  do,  is  to  get  on  in  the  world,  and,  if 
possible,  rise  out  of  the  class  in  which  they  were  born  into  that  above 
them.  Society  needs  grocers  and  merchants  as  much  as  it  needs  coal- 
heavers — but  if  a  merchant  accumulates  wealth,  and  works  his  way  to 

(An  address  to  the  members  of  the  Midland  Institute,  October  9. 1871.) 
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a  baronetcy,  or  if  the  son  of  a  green-grocer  becomes  a  lord-chancellor, 
or  an  archbishop;  or,  as  a  successful  soldier,  \\ins  a  peerage,  all  the 
world  admires  them,  and  looks  with  pride  upon  the  social  system 
which  renders  such  achievements  possible.  Nobody  suggests  that 
there  is  anything  wrong  in  their  being  discontented  with  their  station, 
or  that  in  their  case  society  suffers  by  men  of  ability  reaching  the 
position  for  which  Nature  has  fitted  them. 

But  there  are  better  replies  than  those  of  the  tu  quoque  sort  to 
the  caste  argument.  In  the  first  place,  it  is  not  true  that  education, 
as  such,  unfits  men  for  rough  and  laborious,  or  even  disgusting, 
ocrapations.  The  life  of  a  sailor  is  rougher  and  harder  than  that  of 
nine  landsmen  out  of  ten,  and  yet,  as  every  ship's  captain  knows,  no 
sailor  was  ever  the  worse  for  possessing  a  trained  intelligence.  The 
life  of  a  medical  practitioner,  especially  in  the  country,  is  harder  and 
more  laborious  than  that  of  most  artisans,  and  he  is  constantly 
obliged  to  do  things  which,  in  point  of  pleasantness,  cannot  be  ranked 
above  ecanvengering — yet  he  always  ought  to  be,  and  he  frequently  is,  a 
highly-educated  man.  In  the  second  place,  though  it  may  be  granted 
that  the  words  of  the  catechism,  which  require  a  man  to  do  his  duty  in 
the  station  to  which  it  has  pleased  God  to  call  him,  give  an  admirable 
definition  of  our  obligation  to  ourselves  and  to  society ;  yet  the  ques- 
tion remains,  How  is  any  given  person  to  find  out  what  is  the  particu- 
lar station  to  which  it  pleased  God  to  call  him?  A  new-born  infant 
does  not  come  into  the  world  labelled  scavenger,  shopkeeper,  bishop, 
or  duke.  One  mass  of  red  pulp  is  just  like  another  to  all  outward 
appearance.  And  it  is  only  by  finding  out  what  his  faculties  are  good 
for,  and  seeking,  not  for  the  sake  of  gratifying  a  paltry  vanity,  but  as 
the  highest  duty  to  himself  and  to  his  fellow-men,  to  put  himself  into 
the  position  in  which  they  can  attain  their  full  development,  that  the 
man  discovers  his  true  station.  That  which  is  to  be  lamented,  I  fancy, 
is  not  that  society  should  do  its  utmost  to  help  capacity  to  ascend 
from  the  lower  strata  to  the  higher,  but  that  it  has  no  machinery  by 
which  to  facilitate  the  descent  of  incapacity  from  the  higher  strati  to 
the  lower.  In  that  noble  romance,  "The  Republic"  (which  is  now, 
thanks  to  the  master  of  Balliol,  as  intelligible  to  us  all,  as  if  it  had 
been  written  in  our  mother  tongue),  Plato  makes  Socrates  say  that  he 
should  like  to  inculcate  upon  the  citizens  of  his  ideal  state  just  one 
"royal  lie:" 

"  'Citizens,  we  shall  say  to  them  in  oar  tale — 'you  are  brothers,  yet  God  has 
framed  you  differently.  Some  of  you  have  the  power  of  command,  and  these  he 
has  composed  of  gold,  wherefore  also  they  have  the  greatest  honor;  others  of 
silver,  to  be  auxiliaries;  others  agnin,  who  are  to  be  husbandmen  and  cr.ftsmen. 
he  has  made  of  brass  and  iron;  and  the  species  will  generally  be  preserved  in  the 
children.  But  as  you  are  of  the  snme  original  family,  a  goldrn  parent  will  eome- 
titiKS  have  a  silver  pon,  or  a  fiilvrr  y  arent  a  golden  fi^n.  A'  d  God  proclaims  to  the 
rulers,  as  a  first  principle,  that  before  all  they  ehould  watch  over  their  offspring, 
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and  Bee  what  elements  mingle  •with  their  nature ;  for  if  the  son  of  a  golden  or 
silver  parent  has  an  admixture  of  brass  and  iron,  then  Nature  orders  a  transposition 
of  ranks,  and  the  eye  of  the  ruler  must  not  be  pitiful  toward  hia  child  because  ha 
has  to  descend  in  the  scale  and  become  a  husbandman  or  artisan ;  just  as  there  may 
be  others  sprung  from  the  artisan  class,  who  are  raistd  to  honor,  auj  become 
guardians  aud  auxiliaries.  For  an  oracle  says  that  when  a  man  of  btass  or  iron 
guards  the  state,  it  will  then  be  destroyed.'  "* 

Time,  whose  tooth  gnaws  away  every  thing  else,  is  powerless 
against  truth;  and  the  lapse  of  more  than  two  thousand  years  has  not 
weakened  the  force  of  these  wise  words.  Nor  is  it  necessary  that,  as 
Plato  suggests,  society  should  provide  functionaries  expressly  charged 
wLh  the  performance  of  the  difficult  duty  of  picking  out  the  men  of 
brass  from  those  of  silver  and  gold.  Educate,  and  the  latter  will  cer- 
tainly rise  to  the  top ;  remove  all  those  artificial  props  by  \vbjch  the 
brass  and  iron  folk  are  kept  at  the  top,  and,  by  a  law  as  sure  as  that  of 
gravitation,  they  will  gradually  sink  to  the  bottom.  We  have  all  known 
noble  lords  who  would  have  been  coachmen,  or  gamekeepers,  or 
billiard-markers,  if  they  had  not  been  kept  afloat  by  our  social  corks; 
we  have  all  known  men  among  the  lowest  ranks,  of  whom  every  one 
has  said,  "  What  might  not  that  man  have  become,  if  he  had  only  had  a 
little  education?  " 

And  who  that  attends,  even  in  the  most  superficial  way,  to  the 
conditions  upon  which  the  stability  of  modern  society — and  especially 
of  a  society  like  ours,  in  which  recent  legislation  has  placed  sovereign 
authority  in  the  hands  of  the  masses,  whenever  they  are  united  enough 
to  wield  their  power — can  doubt  that  every  man  of  high  natural 
ability,  who  is  both  ignorant  and  miserable,  is  as  great  a  danger  to 
society  as  a  rocket  without  a  stick  is  to  the  people  who  fire  it?  Misery 
is  a  match  that  never  goes  out;  genius,  as  an  explosive  power,  beats 
gunpowder  hollow;  and  if  knowledge,  which  should  give  that  power 
guidance,  is  warning,  the  chances  are  not  small  that  the  rocket  will 
simply  run  a-muck  among  friends  and  foes.  What  gives  force  to  the 
socialistic  movement  which  is  now  stirring  European  society  to  its 
depths,  but  a  determination  on  the  part  of  the  naturally  able  men 
among  the  proletariat,  to  put  an  end,  somehow  or  other,  to  the  misery 
and  degradition  in  which  a  large  proportion  of  their  fellows  are 
steeped  ?  The  question,  whether  the  means  by  which  they  purpose  to 
achieve  this  end  are  adequate  or  not,  is  at  this  moment  the  most 
important  of  all  political  questions — and  it  is  beside  my  present 
purpose  to  discuss  it.  All  I  desire  to  point  out  is,  that  if  the  cnance 
of  the  controversy  being  decided  calmly  and  rationally,  and  not  by 
passion  and  force,  looks  miserably  small  to  an  impartial  bystander,  the 
reason  is,  that  not  one  in  ten  thousand  of  those  who  constitute  the 
ultimate  court  of  appeal,  by  which  questions  of  the  utmost  difficulty, 


*"Thft  Dialogues  of  Plato ;"  translated  into  English,  with  Analysis  and  Introduction,  bj  & 
Jowett,  M.A.    Vol.  ii.,  p.  243. 
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as  well  aa  of  the  most  momentous  gravity,  will  li^,\o  to  Lc  decided,  is 
prepared  by  education  to  comprehend  the  real  nature  of  the  suit 
brought  before  their  tribunal. 

Finally,  as  to  the  ladies  and  gentlemen  question,  all  I  can  say  is, 
would  that  every  woman-child  born  unto  this  world  were  trained  to  be 
a  lady,  and  every  man-child  a  gentleman !  But  then  I  do  not  use  those 
much-abused  words  by  way  of  distinguishing  people  who  wear  fine 
clothes,  and  live  in  fine  houses,  and  talk  aristocratic  slang,  from  those 
who  go  about  in  fustian,  and  live  in  back  slums,  and  talk  gutter-slang. 
Some  inborn  plebeian  blindness,  in  fact,  prevents  me  from  understand- 
ing what  advantage  the  former  have  over  the  latter.  I  have  never 
been  able  to  understand  why  the  pigeon-shooting  at  Hurlingham 
should  be  refined  and  polite,  while  a  rat-killing  match  in  Whitechapel 
is  low;  or  why  "What  a  lark,"  should  be  coarse,  when  one  hears  "How 
awfully  jolly "  drop  from  the  most  refined  lips  twenty  times  in  an 
evening. 

Thoughtfulness  for  others,  generosity,  modesty,  and  self-respect, 
are  the  qualities  which  make  a  real  gentleman,  or  lady,  as  distinguished 
from  the  veneered  article  which  commonly  goes  by  that  name.  I  by 
no  means  wish  to  express  any  sentimental  preference  for  Lazarus 
against  Dives,  but,  on  the  face  of  the  matter,  one  does  not  see  why  the 
practice  of  these  virtues  should  be  more  difficult  in  one  state  of  life 
than  another ;  and  any  one  who  has  had  a  wide  experience  among  all 
sorts  and  conditions  of  men,  will,  I  think,  agree  with  me,  that  they  are 
as  common  in  the  lower  ranks  of  life  as  in  the  higher. 

Leaving  the  caste  argument  aside  then,  as  inconsistent  with  the 
practice  of  those  who  employ  it,  as  devoid  of  any  justification  in 
theory,  and  as  utterly  mischievous  if  its  logical  consequences  were 
carried  out,  let  ns  turn  to  the  other  class  of  objectors.  To  these 
opponents,  the  Education  Act  is  only  one  of  a  number  of  pieces  of 
legislation  to  which  they  object  on  principle ;  and  they  include  under 
like  condemnation  the  Vaccination  Act,  the  Contagious  Diseases  Act, 
and  all  other  sanitary  Acts ;  all  attempts  on  the  part  of  the  State  to 
prevent  adulteration,  or  to  regulate  injurious  trades;  all  legislative 
interference  with  anything  that  bears  directly  or  indirectly  on 
commerce,  such  as  shipping,  harbors,  railways,  roads,  cab-fares,  and 
the  carriage  of  letters;  and  all  attempts  to  promote  the  spread  of 
knowledge,  by  the  estabh'shment  of  teaching  bodies,  examining  bodies, 
libraries,  or  museums,  or  by  the  sending  out  of  scientific  expeditions; 
all  endeavors  to  advance  art  by  the  establishment  of  schools  of  design, 
or  picture-galleries,  or  by  spending  money  upon  an  architectural 
public  building,  when  a  brick  box  would  answer  the  purpose.  Accord- 
ing to  their  views,  not  a  shilling  of  public  money  must  be  bestowed 
upon  a  public  park  or  pleasure-ground ;  not  sixpence  upon  the  relief 

of  starvation,  or  the  cure  of  disease.     Those  who  hold  these  views 
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•upport  them  by  two  lines  of  argument.  They  enforce  them  deduc- 
tively by  arguing  from  an  assumed  axiom,  that  the  State  has  no  right 
to  do  anything  but  protect  its  subjects  from  aggression.  The  State 
is  simply  a  policeman,  and  its  duty  is  neither  more  nor  less  than 
to  prevent  robbery  and  murder,  and  enforce  contracts.  It  is  not  to 
promote  good,  nor  even  to  do  anything  to  prevent  evil,  except  by  the 
enforcement  of  penalties  upon  those  who  have  been  guilty  of  obvious 
and  tangible  assaults  upon  purses  or  persons.  And,  according  to  this 
view,  the  proper  form  of  government  is  neither  a  monarchy,  an  aristoc- 
racy, nor  a  democracy,  but  an  astynomocracy,  or  police  government. 
On  the  other  hand,  these  views  are  supported  a  posteriori,  by  an 
induction  from  observation,  which  professes  to  show  that  whatever  is 
done  by  a  government  beyond  these  negative  limits  is  not  only  sure  to 
be  done  badly,  but  to  be  done  much  worse  than  private  enterprise 
would  have  done  the  same  thing. 

I  am  by  no  means  clear  as  to  the  truth  of  the  latter  proposition. 
It  is  generally  supported  by  statements  which  prove  clearly  enough 
that  the  State  does  in  great  many  things  very  badly.  But  this  is 
really  beside  the  question.  The  State  lives  in  a  glass  house — we  see 
what  it  tries  to  do,  and  all  its  failures,  partial  or  total,  are  made  the 
most  of.  But  private  enterprise  is  sheltered  under  good  opaque 
bricks  and  mortar.  The  public  rarely  knows  what  it  tries  to  do,  and 
only  hears  of  failures  when  they  are  gross  and  patent  to  all  the 
world.  Who  is  to  say  how  private  enterprise  would  come  out  if  it 
tried  its  hand  at  State  work  ?  Those  who  have  had  most  experience 
of  joint-stock  companies  and  their  management,  will  probably  be  least 
inclined  to  believe  in  the  innate  superiority  of  private  enterprise  over 
State  management.  If  Continental  bureaucracy  and  centralization  be 
fraught  with  multitudinous  evils,  surely  English  beadleocracy  and 
parochial  obstruction  are  not  altogether  lovely.  If  it  be  said  that,  as 
a  matter  of  political  experience,  it  is  found  to  be  for  the  best  interests, 
including  the  healthy  and  free  development,  of  a  people,  that  the 
State  should  restrict  itself  to  what  is  absolutely  necessary,  and  should 
leave  to  the  voluntary  efforts  of  individuals  as  much  as  voluntary  effort 
can  be  got  to  do,  nothing  can  be  more  just.  But,  on  the  other  hand, 
it  seems  to  me  that  nothing  can  be  less  justifiable  that  the  dogmatic 
assertion  that  State  interference,  beyond  the  limits  of  home  and 
foreign  police,  must,  under  all  circumstances,  do  harm. 

Suppose,  however,  for  the  sake  of  argument,  that  we  accept  the 
proposition  that  the  functions  of  the  State  may  be  properly  summed 
up  in  the  one  great  negative  commandment — "Thou  shalt  not  allow 
any  man  to  interfere  with  the  liberty  of  any  other  man  " — I  am  unable 
to  see  that  the  logical  consequence  is  any  such  restriction  of  the  power 
of  government,  as  its  supporters  imply.  If  my  next-door  neighbor 

chooses  to  have  his  drains  in  su^h  a  state  as  to  create  a  poisonous 
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atmosphere  which  I  breathe  at  the  risk  of  typhus  and  diphtheria,  he 
restricts  my  just  freedom  to  live  just  as  much  as  if  he  went  about 
with  a  pistol,  threatening  my  life ;  if  he  is  to  be  allowed  to  let  his 
children  go  unvaccinated,  he  might  as  well  be  allowed  to  leave 
strychnine-lozenges  about  in  the  way  of  mine ;  and  if  he  brings  them 
up  untaught  and  untrained  to  earn  their  living,  he  is  doing  his  best  to 
restrict  my  freedom,  by  increasing  the  burden  of  taxation  for  the 
support  of  jails  and  workhouses,  which  I  have  to  pay. 

The  higher  the  state  of  civilization  the  more  completely  do  the 
actions  of  one  member  of  the  social  body  influence  all  the  rest,  and  the 
less  possible  is  it  for  any  one  man  to  do  a  wrong  thing  without  inter- 
fering, more  or  less,  with  the  freedom  of  all  his  fellow-citizens.  So 
that,  even  upon  the  narrowest  view  of  the  functions  of  the  State,  it 
must  be  admitted  to  have  wider  powers  than  the  advocates  of  the 
police  theory  are  disposed  to  admit. 

It  is  urged,  I  am  aware,  that  if  the  right  of  the  State  to  step 
beyond  the  assigned  limits  is  admitted  to  all,  there  is  no  stopping  ;  and 
that  the  principle  which  justifies  the  State  in  enforcing  vaccination  or 
education,  will  also  justify  it  in  prescribing  my  religious  belief,  or  my 
mode  of  carrying  on  my  trade  or  profession;  in  determining  the 
number  of  courses  I  have  for  dinner,  or  the  pattern  of  my  waistcoat. 

But  surely  the  answer  is  obvious  that,  on  similar  grounds,  the 
right  of  a  man  to  eat  when  he  is  hungry  might  be  disputed,  because 
if  you  once  allow  that  he  may  eat  at  all,  there  is  no  stopping  him  until 
he  gorges  himself,  and  suffers  all  the  ills  of  a  surfeit.  In  practice, 
the  man  leaves  off  when  reason  tells  him  he  has  had  enough ;  and,  in  a 
properly-organized  State,  the  government,  being  nothing  but  the 
corporate  reason  of  the  community,  will  soon  find  out  when  State 
interference  has  been  carried  far  enongh.  And,  so  far  as  my  acquaint- 
ance with  those  who  carry  on  the  business  of  government  goes,  I  must 
say  that  I  find  them  far  less  eager  to  interfere  with  the  people,  than 
the  people  are  to  be  interfered  with.  And  the  reason  is  obvious.  The 
people  are  keenly  sensible  of  particular  evils,  and,  like  a  man  suffering 
from  pain,  desire  an  immediate  remedy.  The  statesman,  on  the  other 
hand,  is  like  the  physician,  who  knows  that  he  can  stop  the  pain  at 
once  by  an  opiate ;  but  who  also  knows  that  the  opiate  may  do  more 
harm  than  good  in  the  long-run.  In  three  cases  out  of  four  the  wisest 
thing  he  can  do  is  to  wait,  and  leave  the  case  to  Nature.  But  in  the 
fourth  case,  in  which  the  symptoms  are  unmistakable,  and  the  cause  of 
the  disease  distinctly  known,  prompt  remedy  saves  a  life.  Is  the  fact 
that  a  wise  physician  will  give  as  little  medicine  as  possible  any 
argument  for  his  abstaining  from  giving  any  at  all? 

But  the  argument  may  be  met  directly.  It  may  be  granted  that 
the  State,  or  corporate  authority  of  the  people,  might  with  perfect 
propriety  order  my  religion,  or  my  waistcoat,  if  as  good  grounds  could 
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be  assigned  for  such  an  order  as  for  the  command  to  educate  my 
children.  And  this  leads  us  to  the  question  which  lies  at  the  root  of 
the  whole  discussion — the  question,  namely,  upon  what  foundation 
does  the  authority  of  the  State  rest,  and  how  are  the  limits  of  that 
authority  to  be  determined  ? 

One  of  the  oldest  and  profoundest  of  English  philosophers, 
Hobbes  of  Malmesbury,  writes  thus : 

"  The  office  of  the  sovereign,  be  it  monarch  or  an  assembly,  consisteth  in  the 
end  for  which  he  was  intrusted  with  the  sovereign  power,  namely,  the  procuration 
of  tlie  safety  of  the  people  :  to  which  he  is  obliged  by  the  law  of  Nature,  and  to 
render  an  account  thereof  to  God,  the  author  of  that  law,  and  to  none  but  him. 
But  by  safety,  here,  is  not  meant  a  bare  preservation,  but  also  all  other  content- 
ments of  life,  whii  h  every  man  by  lawful  industry,  without  danger  or  hurt  to  the 
commonwealth,  shall  acquire  to  himself." 

At  first  sight  this  may  appear  to  be  a  statement  of  the  police- 
theory  of  government,  pure  and  simple ;  but  it  is  not  so.  For  Hobbes 
goes  on  to  say: 

"And  this  is  intended  should  be  done,  not  by  care  applied  to  individuals, 
further  than  their  protection  from  injuries,  when  they  shall  complain ;  but  by  a 
general  providence  contained  in  public  instruction  both  of  doctrine  and  example ; 
and  in  the  making  and  executing  of  good  laws  to  which  individual  persons  may 
apply  their  own  cases."  * 

To  a  witness  of  the  civil  war  between  Charles  I.  and  the  Parlia- 
ment, it  is  not  wonderful  that  the  dissolution  of  the  bonds  of  society 
which  is  involved  in  such  strife  should  appear  to  be  "  the  greatest  evil 
that  can  happen  in  this  life ; "  and  all  who  have  read  the  "  Leviathan  " 
know  to  what  length  Hobbes's  anxiety  for  the  preservation  of  the 
authority  of  the  representative  of  the  sovereign  power,  whatever  its 
shape,  leads  him.  But  the  justice  of  his  conception  of  the  duties  of  the 
sovereign  power  does  not  seem  to  me  to  be  invalidated  by  his 
monstrous  doctrines  respecting  the  sacredness  of  that  power. 

To  Hobbes,  who  lived  during  the  break-up  of  the  sovereign 
power  by  popular  force,  society  appeared  to  be  threatened  by  every 
thing  which  weakened  that  power ;  but,  to  John  Locke,  who  witnessed 
the  evils  which  flow  from  the  attempt  of  the  sovereign  power  to 
destroy  the  rights  of  the  people  by  fraud  and  violence,  the  danger 
lay  in  the  other  direction. 

The  safety  of  the  representative  of  the  sovereign  power  itself  is  to 
Locke  a  matter  of  very  small  moment,  and  he  contemplates  its  aboli- 
tion when  it  ceases  to  do  its  duty,  and  its  replacement  by  another,  as 
a  matter  of  course.  The  great  champion  of  the  Revolution  of  1688 
could  do  no  less.  Nor  is  it  otherwise  than  natural  that  he  should 
seek  to  limit,  rather  than  to  enlarge,  the  powers  of  the  Stale,  though 
in  substance  he  entirely  agrees  with  Hobbes's  view  of  its  duties : 

"But  though   men,"  says  he,   "when  they  enter  into  society,  give  up  the 

*  ••  Lfiviathan,"  Moleeworth's  ed..  p.  322. 
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equality,  liberty,  and  executive  power  they  had  in  the  state  of  nature,  into  the  hands 
of  the  society,  to  be  BO  far  disposed  of  by  the  legislature  as  the  good  of  society 
•hall  require ;  yet  it  being  only  with  an  intention  in  every  one  the  better  to  preserve 
himself,  his  liberty  and  property  '(for  no  rational  creature  can  be  supposed  to 
change  his  condition  with  an  intention  to  be  worse),  the  power  of  the  society,  or 
legislation,  constituted  by  them  can  never  be  supposed  to  extend  further  than  the 
common  good,  but  is  obliged  to  secure  every  one's  property  by  providing  against 
those  three  defects  above  mentioned,  that  made  the  state  of  nature  so  unsafe  and 
uneasy.  And  so,  whoever  has  the  legislative  or  supreme  power  of  any  common- 
wealth, is  bound  to  govern  by  established  standing  laws,  promulgated  and  known 
to  the  people,  and  not  by  extemporary  decrees  ;  by  indifferent  and  upright  judges, 
who  are  to  decide  controversies  by  those  laws ;  and  to  employ  the  force  of  the 
community  at  home  only  in  the  execution  of  such  laws  ;  or  abroad,  to  prevent  or 
redress  foreign  injuries,  and  secure  the  community  from  inroads  and  invasion. 
And  all  this  to  be  directed  to  no  other  end  than  the  peace,  safety,  and  public  good 
of  the  people."  * 

Just  as  in  the  case  of  Hobbes,  so  in  that  of  Locke,  it  may  at  first 
sight  appear  from  this  passage  that  the  latter  philosopher's  views  of 
the  functions  of  government  incline  to  the  negative,  rather  than  the 
positive,  side.  But  a  further  study  of  Locke's  writings  will  at  once 
remove  this  misconception.  In  the  famous  "  Letter  concerning  Toler- 
ation," Locke  says : 

"  The  commonwealth  seems  to  me  to  be  a  society  of  men  constituted  only  for 
the  procuring,  preserving,  and  advancing  their  own  civil  interests. 

"  Civil  interests  I  call  life,  liberty,  health,  and  indolency  of  body  ;  and  the 
possession  of  outward  things,  such  as  money,  lands,  houses,  furniture,  and  the 
like. 

"It  is  the  duty  of  the  civil  magistrate,  by  the  impartial  execution  of  equal 
laws,  to  secure  unto  all  the  people  in  general,  and  to  every  one  of  his  subjects  in 
particular,  the  just  possession  of  those  things  belonging  to  this  life. 

" .  .  .  .  The  whole  jurisdiction  of  the  magistrate  reaches  only  to  these  civil 
concernments  ....  All  civil  power,  right,  and  dominion,  is  bounded  and  confined 
to  the  only  care  of  promoting  these  things." 

Elsewhere  in  the  same  "Letter,"  Locke  lays  down  the  proposition 
that  if  the  magistrate  understand  washing  a  child  "  to  be  profitable  to 
the  curing  or  preventing  any  disease  that  children  are  subject  unto, 
and  esteem  the  matter  weighty  enough  to  be  taken  care  of  by  a  law,  in 
that  case  he  may  order  it  to  be  done." 

Locke  seems  to  differ  most  widely  from  Hobbes  by  his  strong 
advocacy  of  a  certain  measure  of  toleration  in  religious  matters.  But 
the  reason  why  the  civil  magistrate  ought  to  leave  religion  alone  is, 
according  to  Locke,  simply  this,  that  "  true  and  saving  religion  con- 
sists in  the  inward  persuasion  of  the  mind."  And  since  "such  is  the 
nature  of  the  understanding  that  it  cannot  be  compelled  to  the  belief 
of  anything  by  outward  force,"  it  is  absurd  to  attempt  to  make  men 
religious  by  compulsion.  I  cannot  discover  that  Locke  fathers  the 
pet  doctrine  of  modern  Liberalism,  that  the  toleration  of  error  is  a 

*  Locke's  Essay,  "Of  Civil  Government,"  §  131. 
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good  thing  in  itself,  and  to  be  reckoned  among  the  cardinal  virtnes; 

on  the  contrary,  in  this  very  "Letter  on  Toleration  "  he  states  in  the 
clearest  language  that  "no  opinion  contrary  to  human  society,  or  to 
those  moral  rules  which  are  necessary  to  the  preservation  of  civil  society, 
are  to  be  tolerated  by  the  magistrate"  (p.  45).  And  the  practical  corol- 
lary which  he  draws  from  the  proposition  in  that  there  ought  to  be  no 
toleration  for  either  Papists  or  Atheists. 

After  Locke's  time,  the  negative  view  of  the  functions  of  govern- 
ment gradually  grew  in  strength,  until  it  obtained  systematic  and  able 
expression  in  Wilhelm  von  Humboldt's  "Ideen,"*  the  essence  of  which 
is  the  denial  that  the  State  has  a  right  to  be  anything  more  than  chief 
policeman.  And,  of  late  years,  the  belief  in  the  efficacy  of  doing  noth- 
ing, thus  formulated,  has  acquired  considerable  popularity  for  several 
reasons.  In  the  first  place,  men's  speculative  convictions  have  become 
less  and  less  real;  their  tolerance  is  large  because  th  ir  beliof  is  small; 
they  know  that  the  State  had  better  leave  things  alone  unless  it  has  a 
clear  knowledge  about  them ;  and,  with  reason,  they  suspect  that  the 
knowledge  of  the  governing  power  may  stand  no  higher  than  the  very 
low  water-mark  of  their  own. 

In  the  second  place,  men  have  become  largely  absorbed  in  the 
mere  accumulation  of  wealth — and  as  this  is  a  matter  in  which  the 
plainest  and  strongest  form  of  self-interest  is  intensely  concerned, 
science  (in  the  shape  of  Political  Economy)  has  readily  demonstrated 
that  self-interest  may  be  safely  left  to  find  the  best  way  of  attaining 
its  ends.  Rapidity  and  certainty  of  intercourse  between  d'fferent 
countries,  the  enormous  development  of  the  powers  of  machinery,  and 
general  peace  (however  interrupted  by  brief  periods  of  warfare),  have 
changed  the  face  of  commerce,  as  completely  as  modern  artillery  has 
changed  that  of  war.  The  merchant  found  himself  as  much  burdened 
by  ancient  protective  measures  as  the  soldier  by  his  armor — and 
negative  legislation  has  been  of  as  much  use  to  the  one  as  the 
stripping  off  of  breastplates,  greaves,  and  buff-coat,  to  the  other.  But 
because  the  soldier  is  better  without  his  armor  it  does  not  exactly 
follow  that  it  is  desirable  that  our  defenders  shoul:"  *rip  themselves 
stark  naked;  and  it  is  not  more  apparent  why  la'ssjz  fc're — gr^at,  and 
beneficial  as  it  may  be  in  all  that  relates  to  the  accuir.nktion  of  wealth 
— should  be  the  one  great  commandment  which  the  State  is  to  obey  in 
all  other  matters ;  and  especially  in  those  in  which  the  justification  of 
lalssezfaire,  namely,  the  keen  insight  given  by  the  strong  stimulus  of 
direct  personal  interest,  in  matters  clearly  understood,  is  entirely 
absent. 

Thirdly,  to  the  indifference  generated  by  the  absence  of  fixed 
beliefs,  and  to  the  confidence  in  the  efficacy  of  laissez  faire,  appar- 


*An  English  translation  has  been  published  tinder  the  tUle  of  "Essay  on  the  Sphere  and 
Duties  of  Government." 
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ently  justified  by  experience  of  the  value  of  that  principle  when 
applied  to  the  pursuit  of  wealth,  there  must  bo  added  that  nobler  and 
better  reason  for  a  profound  distrust  of  legislative  interference,  which 
animates  Von  Humboidt  and  ahines  forth  in  the  pages  of  Mr.  Mill's 
famous  "Essay  on  Liberty" — I  mean  the  just  fear  lest  the  end  should 
be  sacrificed  to  the  means ;  lost  freedom  and  variety  should  be  drilled 
and  disciplined  out  of  human  lifo  in  order  that  the  great  mill  of  the 
State  should  grind  smoothly. 

One  of  the  profoundest  of  living  English  philosophers,  who  is  at 
the  same  time  the  most  thorough-going  and  consistent  of  the  cham- 
pionc  cf  astynomocracy,  has  devoted  a  very  able  and  ingenious  essay 
to  tho  drawing  out  of  a  comparison  between  the  process  by  •which  men 
have  advanced  from  the  savage  state  to  the  highest  civilization,  and 
that  by  which  an  animal  passes  from  the  condition  of  an  almost  shape- 
less and  structureless  germ,  to  that  in  -which  it  exhibits  a  highly- 
complicated  structure  and  a  corresponding  diversity  of  powers.  Mr. 
Spencer  says  with  great  justice : 

"That  they  gradually  increase  in  mass;  that  they  become,  little  by  little, 
more  complex ;  that,  at  the  same  time,  their  parts  grow  more  mutually  dependent ; 
and  that  they  continue  to  live  and  grow  as  wholes,  while  successive  generations  of 
their  units  appear  and  disappear — are  broad  peculiarities  which  bodies  politic 
display,  in  common  with  all  living  bodies,  and  in  which  they  cod  living  bodies 
differ  from  everything  else." 

In  a  very  striking  passage  of  this  essay  Mr.  Spencer  shows  with 
what  singular  closeness  a  parallel  between  the  development  of  a  nerv- 
ous system,  which  is  the  governing  power  of  the  body  in  the  series  of 
animal  organisms,  and  that  of  government,  in  the  series  of  social 
organisms,  can  be  drawn : 

"  Strange  as  the  assertion  will  be  thought,"  says  Mr.  Spencer,  "  our  Houses 
of  Parliament  discharge  in  the  social  economy  functions  that  are,  in  sundry 
respects,  comparable  to  those  discharged  by  the  cerebral  masses  in  a  vertebrate 
animal.  ...  The  cerebrum  coordinates  the  countless  heterogeneous  consider- 
ations which  affect  the  present  and  future  welfare  of  the  individual  as  a  whole  5  and 
the  legislature  coordinates  the  countless  heterogeneous  considerations  which  affect 
the  immediate  and  remote  welfare  of  the  whole  community.  We  may  describe  llo 
office  of  the  brain  as  that  of  averaging  the  interests  of  life,  physical,  hiucllectual, 
moral,  social;  and  a  good  brain  is  one  in  which  the  desires  answering  to  iheij 
respective  interests  are  so  balanced  that  the  conduct  they  jointly  dictato  sacri- 
fices none  of  them.  Similarly  we  may  describe  the  office  of  Paiiicimen-  as  that  o  j 
averaging  the  interests  of  the  various  classes  in  a  community ;  pud  a  gooc.  Parlia- 
ment is  one  in  which  the  parties  answering  to  these  respective  iJaterestr  ar^  co 
balanced  that  their  united  legislation  concedes  to  each  class  ae  muck  as  consists 
with  the  claims  of  the  rest." 

All  this  appears  to  be  very  just.  But  if  the  resemblance  between  the 
body  physiological  and  the  body  politic  is  any  indication,  not  only  of 
what  tho  latter  13,  and  how  it  has  become  what  it  is,  but  oi  what  it 
oug-ht  to  be,  and  what  it  is  tending  to  become,  I  cannot  but  think 
that  the  real  'jforco  of  the  rjialogv  is  totally  opposed  to  the  negative 

new  of  state  function. 

46 


ADMINISTRATIVE  NIHILISM.  437 

Suppose  that,  in  accordance  with  this  view,  each  muscle  vero  io 
maintain  that  the  nervous  system  had  no  right  to  interfere  with  ite 
contraction,  except  to  prevent  it  from  hindering  the  contraction  of 
another  muscle ;  or  each  ^land,  that  it  had  a  right  to  secrete,  so  long 
as  its  secretion  interfered  with  no  other;  suppose  every  separate  cell 
left  free  to  follow  its  own  "interests,"  and  laissez  faire,  Lord  of  all, 
what  would  become  of  the  body  physiological? 

The  fact  is,  that  the  sovereign  power  of  the  body  thinks  for  tho 
physiological  organism,  acts  for  it,  and  rules  the  individual  compo- 
nents with  a  rod  of  iron.  Even  the  blood-corpuscles  can't  hold  a 
public  meeting  without  being  accused  of  "congestion" — and  the 
brain,  like  other  despots  whom  we  have  known,  calls  out  at  once  for 
the  use  of  sharp  steel  against  them.  As  in  Hobbes's  "Leviathan,"  llie 
representative  of  the  sovereign  authority  in  the  living  organism, 
though  he  derives  all  his  powers  from  the  mass  which  he  rules,  is 
above  the  law.  The  questioning  of  his  authority  involves  death,  or 
that  partial  death  which  we  call  paralysis.  Hence,  if  the  analogy  of 
the  body  politic  with  the  body  physiological  counts  for  anything,  it 
seems  to  me  to  be  in  favor  of  a  much  larger  amount  of  governmental 
interference  than  exists  at  present,  or  than  I,  for  one,  at  all  desire  to 
see.  But,  tempting  as  the  opportunity  is,  I  am  not  disposed  to  build 
up  any  argument  in  favor  of  my  own  case  upon  this  analogy,  curious, 
interesting,  and  in  many  respects  close,  as  it  is,  for  it  takes  no  cogni- 
zance of  certain  profound  and  essential  differences  between  the 
physiological  and  the  political  bodies. 

Much  as  the  notion  of  a  "social  contract"  has  been  ridiculed,  it 
nevertheless  seems  to  be  clear  enough  that  all  social  organization 
whatever  depends  upon  what  is  substantially  a  contract,  whether 
expressed  or  implied,  between  the  members  of  the  society.  No  soci- 
ety ever  was,  or  ever  can  be,  really  held  together  by  force.  It  may 
seem  a  paradox  to  say  that  a  slave-holder  does  not  make  his  slaves 
work  by  force,  but  by  agreement.  And  yet  it  is  true.  There  is  a 
contract  between  the  two  which,  if  it  were  written  out,  would  run  in 
these  terms:  "I  undertake  to  feed,  clothe,  house,  and  not  to  kill, 
flog,  or  otherwise  maltreat  you,  Quashie,  if  you  perform  a  certain 
amount  of  work."  Quashie,  seeing  no  better  terms  to  be  had,  accepts 
the  bargain,  and  goes  to  work  accordingly.  A  highwayman  who 
garrotes  me,  and  then  clears  out  my  pockets,  robs  me  by  force  in  the 
strict  sense  of  the  words ;  but  if  he  puts  a  pistol  to  my  head  and 
demands  uy  money  or  my  life,  and  I,  preferring  the  latter,  hand  over 
my  purse,  wo  have  virtually  made  a  contract,  and  I  perform  one  of 
the  terms  of  that  contract.  If,  nevertheless,  the  highwayman  subse- 
quently shoots  me,  everybody  will  see  that  in  addition  to  the  crimes 
of  murder  and  theft,  he  has  been  guilty  of  a  breach  of  contract 

A  despotic  government,  therefore,  though  often  a  mere  combina- 
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tion  of  elaveholding  and  highway  robbery,  nevertheless  implies  a 
contract  between,  governor  and  governed,  with  voluntary  submission 
on  the  part  of  the  latter ;  and  a  fortiori  all  other  forms  of  govern- 
ment are  in  like  case. 

Now  a  contract  between  any  two  men  implies  a  restriction  of  the 
freedom  of  each  in  certain  particulars.  The  highwayman  gives  up  his 
freedom  to  shoot  me,  on  condition  of  my  giving  up  my  freedom  to  do 
as  I  like  with  my  money ;  I  give  up  my  freedom  to  kill  Quashie,  on 
condition  of  Quashie's  giving  up  his  freedom  to  be  idle.  And  the 
essence  and  foundation  of  every  social  organization,  whether  simple 
or  complex,  is  the  fact  that  each  member  of  the  society  voluntarily 
renounces  his  freedom  in  certain  directions,  in  return  for  the  advan- 
tages which  he  expects  from  association  with  the  other  members  of 
that  society.  Nor  are  constitutions,  laws,  or  manners,  in  ultimate 
analysis,  anything  but  so  many  expressed  or  implied  contracts 
between  the  members  of  a  society  to  do  this,  or  abstain  from  that. 

It  appears  to  me  that  this  feature  constitutes  the  difference 
between  the  social  and  the  physiological  organism.  Among  the  higher 
physiological  organisms,  there  is  none  which  is  developed  by  the 
conjunction  of  a  number  of  primitively  independent  existences  into  a 
complex  whole.  The  process  of  social  organization  appears  to  be 
comparable,  not  so  much  to  the  process  of  organic  development,  as  to 
the  synthesis  of  the  chemist,  by  which  independent  elements  are 
gradually  built  up  into  complex  aggregations — in  which  each  element 
retains  an  independent  individuality,  though  held  in  subordination 
to  the  whole.  The  atoms  of  carbon  and  hydrogen,  oxygen,  nitrogen, 
which  enter  into  a  complex  molecule,  do  not  lose  the  powers  originally 
inherent  in  them,  when  they  unite  to  form  that  molecule,  the  proper- 
ties of  which  express  those  forces  of  the  whole  aggregation  which  are 
not  neutralized  and  balanced  by  one  another.  Each  atom  has  given 
up  something,  in  order  that  the  atomic  society,  or  molecule,  may 
subsist.  And  as  soon  as  any  one  or  more  of  the  atoms  thus  associ- 
ated, resumes  the  freedom  which  it  has  renounced,  and  follows  some 
external  attraction,  the  molecule  is  broken  up,  and  all  the  peculiar 
properties  which  depended  upon  its  constitution  vanish. 

Every  society,  great  or  small,  resembles  such  a  complex  molecule, 
in  which  the  atoms  are  represented  by  men ;  possessed  of  all  those 
multifarious  attractions  and  repulsions  which  are  manifested  in  their 
desires  and  volitions,  the  unlimited  power  of  satisfying  which,  we  call 
freedom.  The  social  molecule  exists  in  virtue  of  the  renunciation  of 
more  or  less  of  this  freedom  by  every  individual  It  is  decomposed, 
when  the  attraction  of  desire  leads  to  the  resumption  of  that  freedom 
the  suppression  of  which  is  essential  to  the  existence  of  the  social 
molecule.  And  the  great  problem  of  that  social  chemistry  we  call 

politics  is  to  discover  what  desires  of  mankind  mav  be  gratified,  and 

48 


'ADMINISTRATIVE  NIHILISM.  439 

what  must  be  suppressed,  if  the  highly-complex  compound,  society, 
is  to  avoid  decomposition.  That  the  gratification  of  some  of  men's 
desires  shall  be  renounced  is  essential  to  order ;  that  the  satisfaction 
of  others  shall  be  permitted  is  no  less  essential  to  progress ;  and  the 
business  of  the  sovereign  authority — which  is,  or  ought  to  be,  simply 
a  delegation  of  the  people  appointed  to  act  for  its  good — appears  to 
me  to  be,  not  only  to  enforce  the  renunciation  of  the  anti-social 
desires,  but,  wherever  it  may  be  neceesary,  to  promote  the  satisfaction 
of  those  which  are  conducive  to  progress. 

The  great  metaphysician,  Immanuel  Kant,  who  is  at  his  greatest 
when  he  discusses  questions  which  are  not  metaphysical,  wrote,  nearly 
a  century  ago,  a  wonderfully  instructive  essay  entitled  "A  Conception 
of  Universal  History  in  relation  to  Universal  Citizenship,"*  from 
which  I  will  borrow  a  few  pregnant  sentences : 

"  The  means  of  which  Nature  has  availed  herself,  in  order  to  bring  about  the 
development  of  all  the  capacities  of  man,  is  the  antagonism  of  those  capacities  to 
social  organization,  so  far  as  the  latter  does  in  the  long-run  necessitate  their  definite 
correlation.  By  antagonism,  I  here  mean  the  unsocial  sociability  of  mankind  — 
that  is,  the  combination  in  them  of  an  impulse  to  enter  into  society,  with  a  thorough 
spirit  of  opposition  which  constantly  threatens  to  break  up  this  society.  The 
ground  of  this  lies  in  human  nature.  Man  has  an  inclination  to  enter  into  society, 
because  in  that  state  he  feels  that  he  becomes  more  a  man,  or,  in  other  words,  that 
his  natural  faculties  develop.  But  he  has  also  a  great  tendency  to  isolate  him- 
self, because  he  is,  at  the  same  time,  aware  of  the  unsocial  peculiarity  of  desiring  to 
have  everything  his  own  way  ;  and  thus,  being  conscious  of  an  inclination  to  oppose 
others,  he  is  naturally  led  to  expect  opposition  from  them. 

"  Now,  it  is  this  opposition  which  awakens  all  the  dormant  powers  of  men, 
stimulates  them  to  overcome  their  inclination  to  be  idle,  and,  spurred  by  the  love  of 
honor,  or  power,  or  wealth,  to  make  themselves  a  place  among  their  fellows,  whom 
they  can  neither  do  with,  nor  do  without. 

"  Thus  they  make  the  first  steps  from  brutishness  toward  culture,  of  which  the 
social  value  of  man  is  the  measure.  Thus  all  talents  become  gradually  developed, 
taste  is  formed,  and  by  continual  enlightenment  the  foundations  of  a  way  of  think- 
ing are  laid,  which  gradually  changes  the  mere  rude  capacity  of  moral  perception 
Into  determinate  practical  principles;  and  thus  society,  which  is  originated  by  a  sort 
of  pathological  compulsion,  becomes  metamorphosed  into  a  moral  unity."  (I.  e.t 
p.  147.) 

"  All  the  culture  and  art  which  adorn  humanity,  the  most  refined  social  order, 
are  produced  by  that  unsociability  which  is  compelled  by  its  own  existence  to 
discipline  itself,  and  BO  by  enforced  art  to  bring  the  seeds  implanted  by  Nature  into 
full  flower."  (1.  c.,  p.  148.) 

In  these  passsges,  as  in  others  of  this  remarkable  tract,  Kant 
anticipates  the  application  of  the  "  struggle  for  existence "  to  politics, 
and  indicates  the  manner  in  which  the  evolution  of  society  has 
resulted  from  the  constant  attempt  of  individuals  to  strain  its  bonds. 
If  individuality  has  no  play,  society  does  not  advance  ;  if  individuality 
breaks  out  of  all  bounds,  society  perishes. 

*(1)  "Idee  zn  einer  allgemeinen  Geschichte  in  weltbtirgerllchen  Abelcht,"  1784.  Thl»  paper 
has  been  translated  by  De  Quincey,  ami  attention  has  been  recently  drawn  to  its  ••  signal  merit*" 
by  the  editor  of  this  Review  in  his'  Essay  011  Condorcot.  (No.  xrxviii.,  N.  8.,  pp.  136. 137.) 


440  BEACON  LIGHTS  OF  SCIENCE. 

But  when  men  living  in  society  have  once  become  aware  that  their 
welfare  depends  upon  two  opposing  tendencies  of  equal  importance — 
the  one  restraining,  the  other  encouraging,  individual  freedom — the 
question  "What  are  the  functions  of  government1?"  is  translated  into 
another — namely,  What  ought  we  men,  in  our  corporate  capacity,  to 
do,  not  only  in  the  way  of  restraining  that  free  individuality  which  is 
inconsistent  with  the  existence  of  society ;  but  in  encouraging  that  free 
individuality  which  is  essential  to  the  evolution  of  the  social  organiza- 
tion? The  formula  which  truly  defines  the  function  of  government 
must  contain  the  solution  of  both  the  problems  involved,  and  not 
merely  of  one  of  them. 

Locke  has  furnished  us  with  such  a  formula,  in  the  noblest,  and 
at  the  same  time  briefest,  statement  of  the  purpose  of  government 
known  to  me : 

"  THE  END  OF  GOVERNMENT  IS  THE  GOOD  OF  MANKIND."  * 

But  the  good  of  mankind  is  not  a  something  which  is  absolute 
and  fixed  for  all  men,  whatever  their  capacities  or  state  of  civilization. 
Doubtless  it  is  possible  to  imagine  a  true  "  Civitas  Dei,"  in  which 
every  man's  moral  faculty  shall  be  such  as  leads  him  to  control  all 
those  desires  which  run  counter  to  the  good  of  mankind,  and  to 
cherish  only  those  which  conduce  to  the  welfare  of  society ;  and  in 
which  every  man's  native  intellect  shall  be  sufficiently  strong,  and  his 
culture  sufficiently  extensive,  to  enable  him  to  know  what  he  ought  to 
do  and  to  seek  after.  And,  in  that  blessed  State,  police  will  be  as 
much  a  superfluity  as  every  other  kind  of  government. 

But  the  eye  of  man  has  not  beheld  that  State,  and  is  not  likely  to 
behold  it  for  some  time  to  come.  What  we  do  see,  in  fact,  is  that 
States  are  made  up  of  a  considerable  number  of  the  ignorant  and 
foolish,  a  small  proportion  of  genuine  knaves,  and  a  sprinkling  of 
capable  and  honest  men,  by  whose  efforts  the  former  are  kept  in  a 
reasonable  state  of  guidance,  and  the  latter  of  repression.  And,  such 
being  the  case,  I  do  not  see  how  any  limit  whatever  can  be  laid  down 
as  to  the  extent  to  which,  under  some  circumstances,  the  action  of 
government  may  be  rightfully  carried. 

Was  our  own  government  wrong  in  suppressing  Thuggee  in  India? 
If  not,  would  it  be  wrong  in  putting  down  any  enthusiast  who 
attempted  to  set  up  the  worship  of  As  tar  te  in  the  Hay  market?  Has 
the  State  no  right  to  put  a  stop  to  gross  and  open  violations  of  com- 
mon decency  ?  And  if  the  State  has,  as  I  believe  it  has,  a  perfect 
right  to  do  all  these  things,  are  we  not  bound  to  admit,  with  Locke, 
that  it  may  have  a  right  to  interfere  with  "Popery  "  and  "Atheism," 
if  it  be  really  true  that  the  practical  consequences  of  such  beliefs  can 
be  proved  to  be  injurious  to  civil  society?  The  question  where  to 

*"Of  Civ'l  Government."  1229. 
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draw  the  line  between  those  things  with  which  the  State  ought,  and 
those  with  which  it  ought  not,  to  interfere,  then,  is  one  which  must  be 
left  to  be  decided  separately  for  each  individual  case.  The  difficulty 
which  meets  the  statesman  is  the  same  as  that  which  meets  us  all  in 
individual  life,  in  which  our  abstract  rights  are  generally  clear  enough, 
though  it  is  frequently  extremely  hard  to  say  at  what  point  it  is  wise 
to  cease  our  attempts  to  enforce  them. 

The  notion  that  the  social  body  should  be  organized  in  such  a 
manner  as  to  advance  the  welfare  of  its  members,  is  as  old  as  political 
thought ;  and  the  schemes  of  Plato,  More,  Eobert  Owen,  St.  Simon, 
Comte,  and  the  modern  socialists,  bear  witness  that,  in  every  age,  men, 
whose  capacity  is  of  no  mean  order,  and  whose  desire  to  benefit  their 
fellows  has  rarely  been  excelled,  have  been  strongly,  nay,  enthusiastic- 
ally, convinced  that  government  may  attain  its  end — the  good  of  the 
people — by  some  more  effectual  process  that  the  very  simple  and 
easy  one  of  putting  its  hands  in  its  pockets,  and  letting  them  alone. 

It  may  be,  that  all  the  schemes  of  social  organization  which  have 
hitherto  been  propounded  are  impracticable  follies.  But  if  this  be  so, 
the  fact  proves,  not  that  the  idea  which  underlies  them  is  worthless, 
but  only  that  the  science  of  politics  is  in  a  very  rudimentary  and 
imperfect  state.  Politics,  as  a  science,  is  not  older  than  astronomy ; 
but  though  the  subject-matter  of  the  latter  is  vastly  less  complex  than 
that  of  the  former,  the  theory  of  the  moon's  motions  is  not  quite 
settled  yet. 

Perhaps  it  may  help  us  a  little  way  toward  getting  clearer  notions 
of  what  the  State  may  and  what  it  may  not  do,  if,  assuming  the  truth 
of  Locke's  maxim  that  "  the  end  of  government  is  the  good  of  man- 
kind," we  consider  a  little  what  the  good  of  mankind  is. 

I  take  it  that  the  good  of  mankind  means  the  attainment,  by 
every  man,  of  all  the  happiness  which  he  can  enjoy  without  diminish- 
ing the  happiness  of  his  fellow-men."* 

If  we  inquire  what  kinds  of  happiness  come  under  this  definition, 
we  find  those  derived  from  the  sense  of  security  or  peace ;  from 
wealth,  or  commodity,  obtained  by  commerce ;  from  art — whether  it 
be  architecture,  sculpture,  painting,  music,  or  literature  ;  from  knowl- 
edge or  science ;  and,  finally,  from  sympathy  or  friendship.  No  man 
is  injured,  but  the  contrary,  by  peace.  No  man  is  any  the  worse 
off  because  another  acquires  wealth  by  trade,  or  by  the  exercise 
of  a  profession  ;  on  the  contrary,  he  cannot  have  acquired  his  wealth, 
except  by  benefiting  others  to  the  full  extent  of  what  they  con- 
sidered to  be  its  value ;  and  his  wealth  is  no  more  than  fairy  gold 


*  "  Hie  est  itaque  finis  ad  quern  tendo,  talem  scilicet  Naturam  acquirere,  et  lit  multi  mecnm 
earn  acquirant,  conari  hoc  est  de  mea  felicitate  etiam  operam  dare,  ut  alii  multi  idem,  atqtie  ego 
intelligent,  ut  eorum  intellectus  et  cupiditas  prorsus  cum  meo  intellectu  et  cupiditate  conven- 
Iftnt;  a  que  hoc  tiat,  necesse  eat  tantum  de  Natura  intelligere,  quantum  sufflcitad  talem  naturam 
acqHirendam  :  deinde  foriaare  talem  societatem  qualis  eat  desideranda,  ut  quam  plurimi  qnam 
fecillime  et  secure  eo  perveniant." — B.  Spinoza,  "  De  Intellectus  Emendatione  Tractatu8." 
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if  he  does  not  go  on  benefiting  others  in  the  same  way.  A  thousand 
men  may  enjoy  the  pleasure  derived  from  a  picture,  a  symphony,  or  a 
poem,  without  lessening  the  happiness  of  the  most  devoted  connois- 
seur. The  investigation  of  Nature  is  an  infinite  pasture-ground,  where 
all  may  graze,  and  where  the  more  bite  the  longer  the  grass  grows, 
the  sweeter  is  its  flavor,  and  the  more  it  nourishes.  If  I  love  a  friend, 
it  is  no  damage  to  me,  but  rather  a  pleasure,  if  all  the  world  also  love 
him  and  think  of  him  as  highly  as  I  do. 

It  appears  to  be  universally  agreed,  for  the  reasons  already  men- 
floned,  that  it  is  unnecessary  and  undesirable  for  the  State  to  attempt 
to  promote  the  acquisition  of  wealth  by  any  direct  interference  with 
commerce.  But  there  is  no  such  agreement  as  to  the  further  question 
whether  the  State  may  not  promote  the  acquisition  of  wealth  by  indi- 
rect means.  For  example,  may  the  State  make  a  road,  or  build  a  har- 
bor, when  it  is  quite  clear  that  by  so  doing  it  will  open  up  a  productive 
district,  and  thereby  add  enormously  to  the  total  wealth  of  the 
community?  And  if  so,  may  the  State,  acting  for  the  general  good, 
take  charge  of  the  means  of  communication  between  its  members,  or 
of  the  postal  and  telegraph  services  ?  I  have  not  yet  met  with  any 
valid  argument  against  the  propriety  of  the  State  doing  what  our 
government  does  in  this  matter ;  except  the  assumption,  which  remains 
to  be  proved,  that  government  will  manage  these  things  worse  than 
private  enterprize  would  do.  Nor  is  there  any  agreement  upon  the 
still  more  important  question  whether  the  State  ought,  or  ought 
not,  to  regulate  the  distribution  of  wealth.  If  it  ought  not,  then  all 
legislation  which  regulates  inheritance — the  statute  of  mortmain,  and 
the  like — is  wrong  in  principle ;  and,  when  a  rich  man  dies,  we  ought 
to  return  to  the  state  of  nature  and  have  a  scramble  for  his  property. 
If,  on  the  other  hand,  the  authority  of  the  State  is  legitimately 
employed  in  regulating  these  matters,  then  it  is  an  open  question,  to 
be  decided  entirely  by  evidence  as  to  what  tends  to  the  highest  good 
of  the  people,  whether  we  keep  our  present  laws  or  whether  we  modify 
them.  At  present  the  State  protects  men  in  the  possession  and  enjoy- 
ment of  their  property,  and  defines  what  that  property  is.  The  justi- 
fication for  its  so  doing  is,  that  its  action  promotes  the  good  of  the 
people.  If  it  can  be  clearly  proved  that  the  abolition  of  property 
would  tend  still  more  to  promote  the  good  of  the  people,  the  State 
will  have  the  same  justification  for  abolishing  property  that  it  now  has 
for  maintaining  it. 

Again,  I  suppose  it  is  universally  agreed  that  it  would  be  useless 
and  absurd  for  the  State  to  attempt  to  promote  friendship  and 
sympathy  between  man  and  man  directly.  But  I  see  no  reason  why, 
if  it  be  otherwise  expedient,  the  State  may  not  do  something  toward 
that  end  indirectly.  For  example,  I  can  conceive  the  existence  of  an 
Established  Church  which  should  be  a  blessing  to  the  community- 
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Church  in  which,  week  by  week,  services  should  be  devoted,  not  to  the 
iteration  of  abstract  propositions  in  theology,  but  to  the  setting  before 
men's  minds  of  an  ideal  of  true,  just,  and  pure  living ;  a  place  in  which 
those  who  are  weary  of  the  burden  of  daily  cares,  should  find  a 
moment's  rest  in  the  contemplation  of  the  higher  life  which  is  possible 
for  all,  though  attained  by  so  few ;  a  place  in  which  the  man  of  strife 
and  of  business  should  have  time  to  think  how  small,  after  all,  are  the 
rewards  he  covets  compared  with  peace  and  charity.  Depend  upon 
it,  if  such  a  Church  existed,  no  one  would  seek  to  disestablish  it. 

"Whatever  the  State  may  not  do,  however,  it  is  universally  agreed 
that  it  may  take  charge  of  the  maintenance  of  internal  and  external 
peace.  Even  the  strongest  advocate  of  administrative  nihilism  admits 
that  government  may  prevent  aggression  of  one  man  on  another. 
But  this  implies  the  maintenance  of  an  army  and  navy,  as  much  as  of 
a  body  of  police  ;  it  implies  a  diplomatic  as  well  as  a  detective  force ; 
and  it  implies,  further,  that  the  State,  as  a  corporate  whole,  shall  have 
distinct  and  definite  views  as  to  its  wants,  powers,  and  obligations. 

For  independent  States  stand  in  the  same  relation  to  one  another 
as  men  in  a  state  of  nature  or  unlimited  freedom.  Each  endeavors  to 
get  all  it  can,  until  the  inconvenience  of  the  state  of  war  suggests 
either  the  formation  of  those  express  contracts  we  call  treaties,  or 
mutual  consent  to  those  implied  contracts  which  are  expressed  by 
international  law.  The  moral  rights  of  a  State  rest  upon  the  same 
basis  as  those  of  an  individual.  If  any  number  of  States  agree  to 
observe  a  common  set  of  international  laws,  they  have,  in  fact,  set  up  a 
sovereign  authority  or  supra-national  government,  the  end  of  which, 
like  that  of  all  governments,  is  the  good  of  mankind ;  and  the  posses- 
sion of  as  much  freedom  by  each  State  as  is  consistent  with  the  attain- 
ment of  that  end.  But  there  is  this  difference :  that  the  government 
thus  set  up  over  nations  is  ideal,  and  has  no  concrete  representative  of 
the  sovereign  power ;  whence  the  only  way  of  settling  any  dispute 
finally  is  to  fight  it  out.  Thus  the  supra-national  society  is  continually 
in  danger  of  returning  to  the  state  of  nature,  in  which  contracts  are 
void ;  and  the  possibility  of  this  contingency  justifies  a  government  in 
restricting  the  liberty  of  its  subjects  in  many  ways  that  would  other, 
wise  be  unjustifiable. 

Finally,  with  respect  to  the  advancement  of  science  and  art.  I 
have  never  yet  had  the  good  fortune  to  hear  any  valid  reason  alleged 
why  that  corporation  of  individuals  we  call  the  State  may  not  do  what 
voluntary  effort  fails  in  doing,  either  from  want  of  intelligence  or  lack 
of  will.  And  here  it  cannot  be  alleged  tint  the  action  of  the  State  is 
always  hurtful.  On  the  contrary,  in  every  country  in  Europe,  univer- 
sities, public  libraries,  picture-galleries,  museums,  and  laboratories, 
have  been  established  by  the  State,  and  have  done  infinite  service  to 
the  intellectual  and  moral  progress,  and  the  refinement  of  mankind. 
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A  few  days  ago  I  received  from  one  of  the  most  eminent  members 
of  the  "Insti tut"  a  pamphlet  entitled  "Pourquoi  la  France  n'a  pas 
trouve"  d'hommes  superieurs  au  moment  du  poril."  The  writer,  M. 
Pasteur,  has  no  doubt  that  the  cause  of  the  astounding  collapse  of  his 
countrymen  is  to  be  sought  in  the  miserable  neglect  of  the  higher 
branches  of  culture,  which  has  been  one  of  the  many  disgraces  of  the 
Second  Empire,  if  not  of  its  predecessors. 

' '  Au  point  oil  nous  sommes  arrives  de  ce  qu'on  appelle  la  civilization  moderne, 
la  culture  des  sciences  dans  leur  expression  la  plus  elevce  est  peut-etre  plus  ne'ces- 
saire  encore  a  1'etat  moral  d'une  nation  qu'fc  sa  prospe"rite*  mate'rielle. 

"  Les  grandes  de'couvertes,  Is  meditations  de  la  pense'a  dans  les  arts,  dans  les 
sciences,  et  dans  les  lettres,  en  un  mot,  les  travaux  desintcresses  de  1'esprit  dans 
tous  les  genres,  les  centres  d'enseignement  propres  a  les  f  aire  connaitre,  introdui- 
sent  dans  le  corps  social  tout  entier  1'esprit  philosophique  ou  scientifiqne,  cet  esprit 
de  discernment  qui  soumet  tout  a  une  raison  severe,  condamne,  1'ignorance,  dis- 
eipe  les  pre'juge-j  et  les  erreurs.  Us  elevent  le  niveau  intellectuel,  le  sentiment 
moral ;  par  eux,  1'iclee  divine  elle-meme  se  re'pand  et  s'exalte.  .  .  .  8i,  au 
moment  du  peril  supreme,  la  France  n'a  pas  trouve  des  hommes  supe'rieurs  pour 
mettre  en  ceuvre  ses  ressources  et  la  courage  de  ses  enf ants,  il  faut  1'attribuer,  j'en 
ai  la  conviction,  a  ce  que  la  France  s'est  de*sinte*ressee,  depuis  un  demi-siecle,  des 
grands  travaux  de  la  pensee,  particulierement  dans  les  sciences  exactes." 

Individually,  I  have  no  love  for  academies  on  the  Continental 
model,  and  still  less  for  the  system  of  decorating  men  of  distinction  in 
science,  letters,  or  art,  with  orders  and  titles,  or  enriching  them  with 
sinecures.  What  men  of  science  want  is  only  a  fair  day's  wages  for 
more  than  a  fair  day'=<  work ;  and  most  of  us,  I  suspect,  would  be  well 
content  if,  for  our  days  and  nights  of  unremitting  toil,  we  could 
secure  the  pay  which  a  first-class  Treasury  clerk  earns  without  any 
obviously  trying  strain  upon  his  faculties.  The  sole  order  of  nobility 
which,  in  my  judgment,  becomes  a  philosopher,  is  that  rank  which  he 
holds  in  the  estimation  of  his  fellow- workers,  who  are  the  only  compe- 
tent judges  in  such  matters.  Newton  and  Cuvier  lowered  themselves 
when  the  one  accepted  an  idle  knighthood,  and  the  other  became  a 
baron  of  the  empire.  The  great  men  who  went  to  their  graves  as 
Michael  Faraday  and  George  Grote,  seem  to  me  to  have  understood 
the  dignity  of  knowledge  better  when  they  declined  all  such  meretri- 
cious trappings. 

But  it  is  one  thing  for  the  State  to  appeal  to  the  vanity  and 
ambition  which  are  to  be  found  in  philosophical  as  in  other  breasts, 
and  another  to  offer  men  who  desire  to  do  the  hardest  of  work  for  the 
most  modest  of  tangible  rewards,  the  means  of  making  themselves 
useful  to  their  age  and  generation.  And  this  is  just  what  the  State 
does  when  it  founds  a  public  library  or  museum,  or  provides  the 
means  of  scientific  research  by  such  grants  of  money  as  that  adminis- 
tered by  the  Royal  Society. 

It  is  one  thing,  again,  for  the  State  to  take  all  the  higher  educa- 
tion of  the  nation  into  its  own  hands ;  it  is  another  to  stimulate  and  to 
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aid,  while  they  are  yet  young  and  weak,  local  efforts  to  the  same  end. 
The  Midland  Institute,  Owen's  College  in  Manchester,  the  newly- 
instituted  Science  College  in  Newcastle,  are  all  noble  products  of  local 
energy  and  munificence.  But  the  good  they  are  doing  is  not  local — 
the  commonwealth  to  its  uttermost  limit?,  shares  in  the  benefits  they 
confer;  and  I  am  at  a  loss  to  understand  upon  what  principle  of 
equity  the  State,  which  admits  the  principle  of  payment  on  results, 
refuses  to  give  a  fair  equivalent  for  these  benefits ;  or  on  what  princi- 
ple of  -'ustice  the  State,  which  admits  the  obligation  of  sharing  the 
duty  of  primary  education  with  a  locality,  denies  the  existence  of  that 
obligation  when  the  higher  education  is  in  question. 

To  sum  up :  If  the  positive  advancement  of  the  peace,  wealth, 
and  the  intellectual  and  moral  development  of  its  members  are  objects 
which  the  government,  as  the  representative  of  the  corporate  authority 
of  society,  may  justly  strive  after,  in  fulfilment  of  its  end— the  good  of 
mankind — then  it  is  clear  that  the  Government  may  undertake  to  edu- 
cate the  people.  For  education  promotes  peace  by  teaching  men  the 
realities  of  life  and  the  obligations  which  are  involved  in  the  very 
existence  of  society ;  it  promotes  intellectual  development,  not  only 
by  training  the  individual  intellect,  but  by  sifting  out  from  the  masse* 
of  ordinary  or  inferior  capacities,  those  which  are  competent  to 
increase  the  general  welfare  by  occupying  higher  positions ;  and, 
lastly,  it  promotes  morality  and  refinement,  by  teaching  men  to  dis- 
cipline themselves,  and  by  leading  them  to  see  that  the  highest,  as  it 
is  the  only  permanent,  content  is  to  be  attained,  not  by  groveling  in 
the  rank  and  steaming  valleys  of  sense,  but  by  continual  striving 
toward  those  high  peaks,  where,  resting  in  eternal  calm,  reason  dis- 
cerns the  undefined  but  bright  ideal  of  the  highest  good — "  a  cloud  by 
day,  a  pillar  of  fire  by  night." 


•    • 


